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1
3',5'-CYCLIC PHOSPHATE PRODRUGS FOR
HCV INFECTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of, and priority to, U.S.
provisional patent application No. 61/650,415 entitled “3',5'-
CYCLIC PHOSPHATE PRODRUGS FOR HCV INFEC-
TION” which was filed May 22, 2012 and is hereby incorpo-
rated by reference. This application also claims the benefit of,
and priority to, U.S. provisional patent application No.
61/695,221 entitled “3',5'-CYCLIC PHOSPHATE PRO-
DRUGS FOR HCV INFECTION” which was filed Aug. 30,
2012 and is hereby incorporated by reference.

FIELD

Provided herein are compounds, methods and pharmaceu-
tical compositions for use in treatment of viral infections,
including hepatitis C virus infections in hosts in need thereof.
In certain embodiments, 3',5'-cyclic phosphate prodrug
nucleotides are provided which display remarkable efficacy
and bioavailability for the treatment of, for example, HCV
infection in a human.

BACKGROUND

The hepatitis C virus (HCV) is the leading cause of chronic
liver disease worldwide. (Boyer, N. et al., J. Hepatol. 32:98-
112,2000). HCV causes a slow growing viral infection and is
the major cause of cirrhosis and hepatocellular carcinoma (Di
Besceglie, A. M. and Bacon, B. R., Scientific American, Octo-
ber: 80-85, 1999; Boyer, N. et al., J. Hepatol. 32:98-112,
2000). It is estimated there are about 130-170 million people
with chronic hepatitis C virus infection, and there are about
350,000 deaths from hepatitis C-related liver diseases each
year (Hepatitis C Fact Sheet, World Health Organization Fact
Sheet No. 164, June 2011). Cirrhosis caused by chronic hepa-
titis C infection accounts for 8,000-12,000 deaths per year in
the United States, and HCV infection is the leading indication
for liver transplantation.

HCYV infection becomes chronic in about 75% of cases,
with many patients initially being asymptomatic. The first
symptoms of HCV infection are often those of chronic liver
disease. About 20 to 30% of patients with chronic hepatitis
due to HCV develop cirrhosis, although this may take
decades. Development of cirrhosis due to HCV also increases
the risk of hepatocellular cancer (The Merck Manual Online,
Chronic Hepatitis, available at www.merckmanuals.com/
professional/hepatic_and_biliary disorders/hepatitis/chron-
ic_hepatitis.html, last revision February 2007).

Inlight of the fact that HCV infection has reached epidemic
levels worldwide, and has tragic effects on the infected
patient, there remains a strong need to provide new effective
pharmaceutical agents to treat hepatitis C that have low tox-
icity to the host. Further, given the rising threat of other
flaviviridae infections, there remains a strong need to provide
new effective pharmaceutical agents that have low toxicity to
the host. Therefore, there is a continuing need for effective
treatments of flavivirus infections and HCV infections.

SUMMARY

Provided herein are compounds useful, for example, for the
treatment of flavivirus infections such as HCV infections. The
compounds are 3',5'-cyclic phosphate prodrugs. In certain
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embodiments the 3',5'-cyclic phosphate prodrugs display
remarkable efficacy or bioavailability, or both, for the treat-
ment of, for example, HCV infection in a human.

In certain embodiments, the compounds provided herein
are useful in the prevention and treatment of Flaviviridae
infections and other related conditions such as anti-Flaviviri-
dae antibody positive and Flaviviridae-positive conditions,
chronic liver inflammation caused by HCV, cirrhosis, fibro-
sis, acute hepatitis, fulminant hepatitis, chronic persistent
hepatitis, and fatigue. These compounds or formulations can
also be used prophylactically to prevent or retard the progres-
sion ofclinical illness in individuals who are anti-Flaviviridae
antibody or Flaviviridae-antigen positive or who have been
exposed to a Flaviviridae. In particular embodiments, the
Flaviviridae is hepatitis C. In certain embodiments, the com-
pounds are used to treat any virus that replicates through an
RNA-dependent RNA polymerase.

A method for the treatment of a Flaviviridae infection in a
host, including a human, is also provided that includes admin-
istering an effective amount of a compound provided herein,
administered either alone or in combination or alternation
with another anti-Flaviviridae agent, optionally in a pharma-
ceutically acceptable carrier.

Incertain embodiments, provided herein are compounds of
Formula (VIII):

(VIID)

or a pharmaceutically acceptable salt, solvate, stereoisomeric
form, tautomeric form or polymorphic form thereof, wherein:
each Base is independently

7] [
TN

each X is independently alkoxyl, hydrogen, or hydroxyl; each
Y is independently hydroxyl, acetoxyl, or fluoro; each Z is
independently -LC(O)O(L),CR;, -L-Ar—C(O)O(L),CRs,
—CR(E)L),0C(O)O(L),CR;, -LSC(O)LOH, -LSC(O)
LOC(O)(L),CR;, -LSC(O)LOC(O)L),NR,, -LS-S(L),
CR;, -LS-SLOH, -LNRC(O)O(L),CR;, -LSC(O)LNRC(O)
O(L), CR;, —Ar—B, -L-B, -LNRC(O)D, -LNRC(O)CH
(OH)(CR,),0OH, or -(L)pCR(RA)C(O)O(L)pCR3; each B is
independently an alkyl group substituted with aminocarboxy-
lene, carboxylene, or both; each D is independently

Xy
)\
N NH,
or
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each E is independently alkyl, substituted alkyl, aryl, or het-
eroaryl; each Ar is independently an arylene or heteroarylene;
each L is independently alkylene or substituted alkylene; each
R is independently hydrogen, alkyl, substituted alkyl, aryl, or
heteroaryl; each R is independently a carbocyclic or hetero-
cyclic ring; and each p is independently O or 1.

In certain embodiments, provided herein are compounds
according to Formula I:

@

or pharmaceutically acceptable salts, solvates, stereoisomeric
forms, tautomeric forms or polymorphic forms thereof,
wherein: each X is independently alkoxyl, hydrogen, or
hydroxyl; each Y is independently hydroxyl, acetoxyl, or
fluoro; each 7 is independently -L.C(O)O(L),CR;, -L-Ar—C
(0)O(L),CR;, —CREY)L),0CO)OL),CR;, -LSC(O)
LOH, -LSC(O)LOC(OXL),CR;, -LSC(O)LOC(O)L),NR.,
-LS-S(1),CRs, -LS-SLOH, -LNRC(O)O(L),CR;, -LSC(O)
LNRC(O)O(L),CR;, —Ar—3B, -L-B, -LNRC(O)D, -LNRC
(O)CH(OH)(CR,),OH, or ~(L),CRR*)C(O)O(L),CR;;
each B is independently an alkyl group substituted with ami-
nocarboxylene, carboxylene, or both; each D is indepen-
dently

S |

O R
R

each E is independently alkyl, substituted alkyl, aryl, or het-
eroaryl; each Ar is independently an arylene or heteroarylene;
each L is independently alkylene or substituted alkylene; each
R is independently hydrogen, alkyl, substituted alkyl, aryl, or
heteroaryl; each R is independently a carbocyclic or hetero-
cyclic ring; and each p is independently O or 1.

In one aspect, the compounds provided herein are provided
or administered in combination with a second therapeutic
agent, such as one useful for the treatment or prevention of
HCV infections. Exemplary second therapeutic agents are
provided in detail elsewhere herein.

In another aspect, provided herein are pharmaceutical
compositions, single unit dosage forms, and kits suitable for
use in treating or preventing disorders such as HCV infections
which comprise a therapeutically or prophylactically effec-
tive amount of a compound provided herein, e.g., of Formula
1, and a therapeutically or prophylactically effective amount
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of a second therapeutic agent such as one useful for the
treatment or prevention of HCV infections.

In certain embodiments, a method of treatment of a liver
disorder is provided comprising administering to an indi-
vidual in need thereof a treatment effective amount of a 3',5'-
cyclic phosphate prodrug compound.

Flaviviridae which can be treated are, e.g., discussed gen-
erally in Fields Virology, Fifth Ed., Editors: Knipe, D. M., and
Howley, P. M., Lippincott Williams & Wilkins Publishers,
Philadelphia, Pa., Chapters 33-35, 2006. In a particular
embodiment of the invention, the Flaviviridae is HCV. In an
alternate embodiment, the Flaviviridae is a flavivirus or pes-
tivirus. In certain embodiments, the Flaviviridae can be from
any class of Flaviviridae. In certain embodiments, the Fla-
viviridae is a mammalian tick-borne virus. In certain embodi-
ments, the Flaviviridae is a seabird tick-borne virus. In certain
embodiments, the Flaviviridae is a mosquito-borne virus. In
certain embodiments, the Flaviviridae is an Aroa virus. In
certain embodiments, the Flaviviridae is a Dengue virus. In
certain embodiments, the Flaviviridae is a Japanese encepha-
litis virus. In certain embodiments, the Flaviviridae is a
Kokobera virus. In certain embodiments, the Flaviviridae is a
Ntaya virus. In certain embodiments, the Flaviviridae is a
Spondweni virus. In certain embodiments, the Flaviviridae is
aYellow fever virus. In certain embodiments, the Flaviviridae
is a Entebbe virus. In certain embodiments, the Flaviviridae is
a Modoc virus. In certain embodiments, the Flaviviridae is a
Rio Bravo virus.

Specific flaviviruses include, without limitation: Abset-
tarov, Aedes, Alfuy, Alkhurma, Apoi, Aroa, Bagaza, Banzi,
Bukalasa bat, Bouboui, Bussuquara, Cacipacore, Calbertado,
Carey Island, Cell fusing agent, Cowbone Ridge, Culex,
Dakar bat, Dengue 1, Dengue 2, Dengue 3, Dengue 4, Edge
Hill, Entebbe bat, Gadgets Gully, Hanzalova, Hypr, Ilheus,
Israel turkey meningoencephalitis, Japanese encephalitis,
Jugra, Jutiapa, Kadam, Kamiti River, Karshi, Kedougou,
Kokobera, Koutango, Kumlinge, Kunjin, Kyasanur Forest
disease, Langat, Louping ill, Meaban, Modoc, Montana myo-
tis leukoencephalitis, Murray valley encephalitis, Nakiwogo,
Naranjal, Negishi, Ntaya, Omsk hemorrhagic fever, Phnom-
Penh bat, Powassan, Quang Binh, Rio Bravo, Rocio, Royal
Farm, Russian spring-summer encephalitis, Saboya, St.
Louis encephalitis, Sal Vieja, San Perlita, Saumarez Reef,
Sepik, Sokuluk, Spondweni, Stratford, Tembusu, Tick-borne
encephalitis, Turkish sheep encephalitis, Tyuleniy, Uganda S,
Usutu, Wesselsbron, West Nile, Yaounde, Yellow fever,
Yokose, and Zika.

Pestiviruses which can be treated are discussed generally in
Fields Virology, Fifth Ed., Editors: Knipe, D. M., and How-
ley, P. M., Lippincott Williams & Wilkins Publishers, Phila-
delphia, Pa., Chapters 33-35, 2006. Specific pestiviruses
include, without limitation: bovine viral diarrhea virus
(“BVDV™), classical swine fever virus (“CSFV,” also called
hog cholera virus), and border disease virus (“BDV”).

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Provided herein are compounds, compositions and meth-
ods useful for treating liver disorders such as HCV infection
in a subject. Further provided are dosage forms useful for
such methods.

DEFINITIONS

When referring to the compounds provided herein, the
following terms have the following meanings unless indi-
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cated otherwise. Unless defined otherwise, all technical and
scientific terms used herein have the same meaning as is
commonly understood by one of ordinary skill in the art. In
the event that there is a plurality of definitions for a term
herein, those in this section prevail unless stated otherwise.

The term “alkyl”, as used herein, unless otherwise speci-
fied, refers to a saturated straight or branched hydrocarbon. In
certain embodiments, the alkyl group is a primary, secondary,
or tertiary hydrocarbon. In certain embodiments, the alkyl
group includes one to ten carbon atoms, i.e., C, to C,, alkyl.
In certain embodiments, the alkyl group is selected from the
group consisting of methyl, CF;, CCl,, CFCl,, CF,Cl, ethyl,
CH,CF;, CF,CF;, propyl, isopropyl, butyl, isobutyl, secbu-
tyl, t-butyl, pentyl, isopentyl, neopentyl, hexyl, isohexyl,
3-methylpentyl, 2,2-dimethylbutyl, and 2,3-dimethylbutyl.
The term includes both substituted and unsubstituted alkyl
groups, including halogenated alkyl groups. In certain
embodiments, the alkyl group is a fluorinated alkyl group.
Non-limiting examples of moieties with which the alkyl
group can be substituted are selected from the group consist-
ing of halogen (fluoro, chloro, bromo or iodo), hydroxyl,
amino, alkylamino, arylamino, alkoxy, aryloxy, nitro, cyano,
sulfonic acid, sulfate, phosphonic acid, phosphate, or phos-
phonate, either unprotected, or protected as necessary, as
known to those skilled in the art, for example, as taught in
Greene, et al., Protective Groups in Organic Synthesis, John
Wiley and Sons, Second Edition, 1991, hereby incorporated
by reference.

The term “lower alkyl”, as used herein, and unless other-
wise specified, refers to a saturated straight or branched
hydrocarbon having one to six carbon atoms, i.e., C,; to Cg
alkyl. In certain embodiments, the lower alkyl group is a
primary, secondary, or tertiary hydrocarbon. The term
includes both substituted and unsubstituted moieties.

The term “cycloalkyl”, as used herein, unless otherwise
specified, refers to a saturated cyclic hydrocarbon. In certain
embodiments, the cycloalkyl group may be a saturated, and/
or bridged, and/or non-bridged, and/or a fused bicyclic group.
In certain embodiments, the cycloalkyl group includes three
to ten carbon atoms, i.e., C; to C,, cycloalkyl. In some
embodiments, the cycloalkyl has from 3 to 15 (C5_;5), from 3
to 10 (C,_,), or from 3 to 7 (C;_,) carbon atoms. In certain
embodiments, the cycloalkyl group is cyclopropyl, cyclobu-
tyl, cyclopentyl, cyclohexyl, cyclohexylmethyl, cycloheptyl,
bicyclo[2.1.1]hexyl, bicyclo[2.2.1]heptyl, decalinyl, or ada-
mantyl.

The term “cycloalkenyl”, as used herein, unless otherwise
specified, refers to an unsaturated cyclic hydrocarbon. In
certain embodiments, cycloalkenyl refers to mono- or multi-
cyclic ring systems that include at least one double bond. In
certain embodiments, the cycloalkenyl group may be a
bridged, non-bridged, and/or a fused bicyclic group. In cer-
tain embodiments, the cycloalkyl group includes three to ten
carbon atoms, i.e., C; to C,, cycloalkyl. In some embodi-
ments, the cycloalkenyl has from 3 to 7 (C5_,,), or from 4 to
7 (C4_;) carbon atoms.

“Alkylene” refers to divalent saturated aliphatic hydrocar-
bon groups particularly having from one to eleven carbon
atoms which can be straight-chained or branched. In certain
embodiments, the alkylene group contains 1 to 10 carbon
atoms. The term includes both substituted and unsubstituted
moieties. This term is exemplified by groups such as methyl-
ene (—CH,—), ethylene (—CH,CH,—), the propylene iso-
mers (e.g., —CH,CH,CH,— and —CH(CH;)CH,—) and
the like.

“Alkenyl” refers to monovalent olefinically unsaturated
hydrocarbon groups, in certain embodiment, having up to
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about 11 carbon atoms, from 2 to 8 carbon atoms, or from 2 to
6 carbon atoms, which can be straight-chained or branched
and having at least 1 or from 1 to 2 sites of olefinic unsatura-
tion. The term includes both substituted and unsubstituted
moieties. Exemplary alkenyl groups include ethenyl (i.e.,
vinyl, or —CH—CH,), n-propenyl (—CH,CH—CH,), iso-
propenyl (—C(CH;)—CH,), and the like.

“Alkenylene” refers to divalent olefinically unsaturated
hydrocarbon groups, in certain embodiments, having up to
about 11 carbon atoms or from 2 to 6 carbon atoms which can
be straight-chained or branched and having at least 1 or from
1 to 2 sites of olefinic unsaturation. This term is exemplified
by groups such as ethenylene (—CH—CH—), the prope-
nylene isomers (e.g.,, —CH—CHCH,— and —C(CH,)
—CH— and —CH—C(CH;)—) and the like.

“Alkynyl” refers to acetylenically unsaturated hydrocar-
bon groups, in certain embodiments, having up to about 11
carbon atoms or from 2 to 6 carbon atoms which can be
straight-chained or branched and having at least 1 or from 1 to
2 sites of alkynyl unsaturation. Non-limiting examples of
alkynyl groups include acetylenic, ethynyl (—C=CH), pro-
pargyl (—CH,C=CH), and the like.

The term “aryl”, as used herein, and unless otherwise
specified, refers to phenyl, biphenyl, or naphthyl. The term
includes both substituted and unsubstituted moieties. An aryl
group can be substituted with any described moiety, includ-
ing, but not limited to, one or more moieties selected from the
group consisting of halogen (fluoro, chloro, bromo or iodo),
alkyl, haloalkyl, hydroxyl, amino, alkylamino, arylamino,
alkoxy, aryloxy, nitro, cyano, sulfonic acid, sulfate, phospho-
nic acid, phosphate, or phosphonate, either unprotected, or
protected as necessary, as known to those skilled in the art, for
example, as taught in Greene, et al., Protective Groups in
Organic Synthesis, John Wiley and Sons, Second Edition,
1991.

“Alkoxy” or “alkoxyl” as used herein refers to the group
—OR'whereR'is alkyl or cycloalkyl. Alkoxy groups include,
by way of example, methoxy, ethoxy, n-propoxy, isSopropoxy,
n-butoxy, tert-butoxy, sec-butoxy, n-pentoxy, n-hexoxy, 1,2-
dimethylbutoxy, and the like.

“Acetoxy” or “Acetoxyl” as used herein refers to the group
—OC(O)CH;.

“Alkoxycarbonyl” refers to a radical —C(O)-alkoxy where
alkoxy is as defined herein.

“Amino” refers to the radical —NH,.

“Carboxyl” or “carboxy” refers to the radical —C(O)OH.
“Carboxylene” refers to the radical —C(O)O—.

The term “aminocarboxylene” refers to the radical —C(O)
ONH, or —OC(O)NH,. In certain embodiments, the term
“aminocarboxylene” refers to the radical —C(O)ONH,. In
certain embodiments, the term “aminocarboxylene” refers to
the radical —OC(O)NHS,.

The term “alkylamino” or “arylamino” refers to an amino
group that has one or two alkyl or aryl substituents, respec-
tively. In certain embodiments, the alkyl substituent is lower
alkyl. In another embodiment, the alkyl or lower alkyl is
unsubstituted.

“Halogen” or “halo” refers to chloro, bromo, fluoro or
iodo.

“Monoalkylamino” refers to the group alkyl-NR'—,
wherein R' is selected from hydrogen and alkyl or cycloalkyl.

“Thioalkoxy” refers to the group —SR' where R'is alkyl or
cycloalkyl.

The term “heterocyclyl” or “heterocyclic” refers to a
monovalent monocyclic non-aromatic ring system and/or
multicyclic ring system that contains at least one non-aro-
matic ring, wherein one or more of the non-aromatic ring
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atoms are heteroatoms independently selected from O, S, or
N; and the remaining ring atoms are carbon atoms. In certain
embodiments, the heterocyclyl or heterocyclic group has
from 3 to 20, from 3 to 15, from 3 to 10, from 3 to 8, from 4
to 7, or from 5 to 6 ring atoms. Heterocyclyl groups are
bonded to the rest of the molecule through the non-aromatic
ring. In certain embodiments, the heterocyclyl is a monocy-
clic, bicyclic, tricyclic, or tetracyclic ring system, which may
include a fused or bridged ring system, and in which the
nitrogen or sulfur atoms may be optionally oxidized, the
nitrogen atoms may be optionally quaternized, and some
rings may be partially or fully saturated, or aromatic. The
heterocyclyl may be attached to the main structure at any
heteroatom or carbon atom which results in the creation of a
stable compound. Examples of such heterocyclic radicals
include, but are not limited to, azepinyl, benzodioxanyl, ben-
zodioxolyl, benzofuranonyl, benzopyranonyl, benzopyranyl,
benzotetrahydrofuranyl, benzotetrahydrothienyl, benzothi-
opyranyl, benzoxazinyl, p-carbolinyl, chromanyl, chromo-
nyl, cinnolinyl, coumarinyl, decahydroisoquinolinyl, dihy-
drobenzisothiazinyl, dihydrobenzisoxazinyl, dihydrofuryl,
dihydroisoindolyl, dihydropyranyl, dihydropyrazolyl, dihy-
dropyrazinyl, dihydropyridinyl, dihydropyrimidinyl, dihy-
dropyrrolyl, dioxolanyl, 1,4-dithianyl, furanonyl, imidazo-
lidinyl, imidazolinyl, indolinyl, isobenzotetrahydrofuranyl,
isobenzotetrahydrothienyl, isochromanyl, isocoumarinyl,
isoindolinyl, isothiazolidinyl, isoxazolidinyl, morpholinyl,
octahydroindolyl, octahydroisoindolyl, oxazolidinonyl,
oxazolidinyl, oxiranyl, piperazinyl, piperidinyl, 4-piperido-
nyl, pyrazolidinyl, pyrazolinyl, pyrrolidinyl, pyrrolinyl, qui-
nuclidinyl, tetrahydrofuryl, tetrahydroisoquinolinyl, tetrahy-
dropyranyl, tetrahydrothienyl, thiamorpholinyl,
thiazolidinyl, tetrahydroquinolinyl, and 1,3,5-trithianyl. In
certain embodiments, heterocyclic may also be optionally
substituted as described herein.

The term “heteroaryl” refers to refers to a monovalent
monocyclic aromatic group and/or multicyclic aromatic
group that contain at least one aromatic ring, wherein at least
one aromatic ring contains one or more heteroatoms indepen-
dently selected from O, S, and N in the ring. Heteroaryl
groups are bonded to the rest of the molecule through the
aromatic ring. Each ring of a heteroaryl group can contain one
or two O atoms, one or two S atoms, and/or one to four N
atoms, provided that the total number of heteroatoms in each
ring is four or less and each ring contains at least one carbon
atom. In certain embodiments, the heteroaryl has from 5 to
20, from 5 to 15, or from 5 to 10 ring atoms. Examples of
monocyclic heteroaryl groups include, but are not limited to,
furanyl, imidazolyl, isothiazolyl, isoxazolyl, oxadiazolyl,
oxadiazolyl, oxazolyl, pyrazinyl, pyrazolyl, pyridazinyl,
pyridyl, pyrimidinyl, pyrrolyl, thiadiazolyl, thiazolyl, thie-
nyl, tetrazolyl, triazinyl, and triazolyl. Examples of bicyclic
heteroaryl groups include, but are not limited to, benzofura-
nyl, benzimidazolyl, benzoisoxazolyl, benzopyranyl, ben-
zothiadiazolyl, benzothiazolyl, benzothienyl, benzotriazolyl,
benzoxazolyl, furopyridyl, imidazopyridinyl, imidazothiaz-
olyl, indolizinyl, indolyl, indazolyl, isobenzofuranyl, isoben-
zothienyl, isoindolyl, isoquinolinyl, isothiazolyl, naphthy-
ridinyl, oxazolopyridinyl, phthalazinyl, pteridinyl, purinyl,
pyridopyridyl, pyrrolopyridyl, quinolinyl, quinoxalinyl,
quinazolinyl, thiadiazolopyrimidyl, and thienopyridyl.
Examples of tricyclic heteroaryl groups include, but are not
limited to, acridinyl, benzindolyl, carbazolyl, dibenzofura-
nyl, perimidinyl, phenanthrolinyl, phenanthridinyl, phenar-
sazinyl, phenazinyl, phenothiazinyl, phenoxazinyl, and xan-
thenyl. In certain embodiments, heteroaryl may also be
optionally substituted as described herein.
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The term “alkylaryl” refers to an aryl group with an alkyl
substituent. The term “aralkyl” or “arylalkyl” includes an
alkyl group with an aryl substituent.

Theterm “alkylheterocyclyl” refers to a heterocyclyl group
with an alkyl substituent. The term alkylheterocyclyl includes
an alkyl group with a heterocyclyl substituent.

The term “alkylheteroaryl” refers to a heteroaryl group
with an alkyl substituent. The term alkylheteroaryl includes
an alkyl group with a heteroaryl substituent.

The term “protecting group” as used herein and unless
otherwise defined refers to a group that is added to an oxygen,
nitrogen, or phosphorus atom to prevent its further reaction or
for other purposes. A wide variety of oxygen and nitrogen
protecting groups are known to those skilled in the art of
organic synthesis.

“Pharmaceutically acceptable salt” refers to any salt of a
compound provided herein which retains its biological prop-
erties and which is not toxic or otherwise undesirable for
pharmaceutical use. Such salts may be derived from a variety
of organic and inorganic counter-ions well known in the art.
Such salts include, but are not limited to: (1) acid addition
salts formed with organic or inorganic acids such as hydro-
chloric, hydrobromic, sulfuric, nitric, phosphoric, sulfamic,
acetic, trifluoroacetic, trichloroacetic, propionic, hexanoic,
cyclopentylpropionic, glycolic, glutaric, pyruvic, lactic, mal-
onic, succinic, sorbic, ascorbic, malic, maleic, fumaric, tar-
taric, citric, benzoic, 3-(4-hydroxybenzoyl)benzoic, picric,
cinnamic, mandelic, phthalic, lauric, methanesulfonic,
ethanesulfonic, 1,2-ethane-disulfonic, 2-hydroxyethane-
sulfonic, benzenesulfonic, 4-chlorobenzenesulfonic, 2-naph-
thalenesulfonic, 4-toluenesulfonic, camphoric, camphorsul-
fonic, 4-methylbicyclo[2.2.2]-oct-2-ene-1-carboxylic,
glucoheptonic, 3-phenylpropionic, trimethylacetic, tert-buty-
lacetic, lauryl sulfuric, gluconic, benzoic, glutamic, hydrox-
ynaphthoic, salicylic, stearic, cyclohexylsulfamic, quinic,
muconic acid and the like acids; or (2) salts formed when an
acidic proton present in the parent compound either (a) is
replaced by a metal ion, e.g., an alkali metal ion, an alkaline
earth ion or an aluminum ion, or alkali metal or alkaline earth
metal hydroxides, such as sodium, potassium, calcium, mag-
nesium, aluminum, lithium, zinc, and barium hydroxide,
ammonia or (b) coordinates with an organic base, such as
aliphatic, alicyclic, or aromatic organic amines, such as
ammonia, methylamine, dimethylamine, diethylamine,
picoline, ethanolamine, diethanolamine, triethanolamine,
ethylenediamine, lysine, arginine, ornithine, choline, N,N'-
dibenzylethylene-diamine, chloroprocaine, diethanolamine,
procaine, N-benzylphenethylamine, N-methylglucamine
piperazine, tris(thydroxymethyl)-aminomethane, tetramethy-
lammonium hydroxide, and the like.

Pharmaceutically acceptable salts further include, by way
of example only and without limitation, sodium, potassium,
calcium, magnesium, ammonium, tetraalkylammonium and
the like, and when the compound contains a basic function-
ality, salts of non-toxic organic or inorganic acids, such as
hydrohalides, e.g. hydrochloride and hydrobromide, sulfate,
phosphate, sulfamate, nitrate, acetate, trifluoroacetate,
trichloroacetate, propionate, hexanoate, cyclopentylpropi-
onate, glycolate, glutarate, pyruvate, lactate, malonate, suc-
cinate, sorbate, ascorbate, malate, maleate, fumarate, tart-
arate, citrate, benzoate, 3-(4-hydroxybenzoyl)benzoate,
picrate, cinnamate, mandelate, phthalate, laurate, methane-
sulfonate (mesylate), ethanesulfonate, 1,2-ethane-disul-
fonate, 2-hydroxyethanesulfonate, benzenesulfonate (besy-
late), 4-chlorobenzenesulfonate, 2-naphthalenesulfonate,
4-toluenesulfonate, camphorate, camphorsulfonate, 4-meth-
ylbicyclo[2.2.2]-oct-2-ene-1-carboxylate, glucoheptonate,
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3-phenylpropionate, trimethylacetate, tert-butylacetate, lau-
ryl sulfate, gluconate, benzoate, glutamate, hydroxynaph-
thoate, salicylate, stearate, cyclohexylsulfamate, quinate,
muconate and the like.

The term “purine” or “pyrimidine” base refers to, but is not
limited to, adenine, N°®-alkylpurines, N°®-acylpurines
(wherein acyl is C(O)(alkyl, aryl, alkylaryl, or arylalkyl),
NS-benzylpurine, N°®-halopurine, N°®-vinylpurine, N®-acety-
lenic purine, N®acyl purine, NS-hydroxyalkyl purine,
NS-alkylaminopurine, N°®-thioalkyl purine, N*-alkylpurines,
NZ-alkyl-6-thiopurines, thymine, cytosine, 5-fluorocytosine,
5-methylcytosine, 6-azapyrimidine, including 6-azacytosine,
2- and/or 4-mercaptopyrmidine, uracil, 5-halouracil, includ-
ing 5-fluorouracil, C>-alkylpyrimidines, C>-benzylpyrim-
idines, C>-halopyrimidines, C>-vinylpyrimidine, C>-acety-
lenic pyrimidine, C>-acyl pyrimidine, C>-hydroxyalkyl
purine, C’-amidopyrimidine, C’-cyanopyrimidine, C>-io-
dopyrimidine, C%-iodo-pyrimidine, C>—Br-vinyl pyrimi-
dine, C°—Br-vinyl pyrimidine, C>-nitropyrimidine,
C’-amino-pyrimidine, N-alkylpurines, NZ-alkyl-6-thiopu-
rines, S-azacytidinyl, S-azauracilyl, triazolopyridinyl, imida-
zolopyridinyl, pyrrolopyrimidinyl, and pyrazolopyrimidinyl.
Purine bases include, but are not limited to, guanine, adenine,
hypoxanthine, 7-deazaguanine, 7-deazaadenine, 2,6-diami-
nopurine, and 6-chloropurine. Functional oxygen and nitro-
gen groups on the base can be protected as necessary or
desired. Suitable protecting groups are well known to those
skilled in the art, and include trimethylsilyl, dimethylhexyl-
silyl, t-butyldimethylsilyl, and t-butyldiphenylsilyl, trityl,
alkyl groups, and acyl groups such as acetyl and propionyl,
methanesulfonyl, and p-toluenesulfonyl.

The term “acyl” or “O-linked ester” refers to a group of the
formula C(O)R', wherein R' is alkyl or cycloalkyl (including
lower alkyl), carboxylate reside of amino acid, aryl including
phenyl, alkaryl, arylalkyl including benzyl, alkoxyalkyl
including methoxymethyl, aryloxyalkyl such as phenoxym-
ethyl; or substituted alkyl (including lower alkyl), aryl includ-
ing phenyl optionally substituted with chloro, bromo, fluoro,
iodo, C, to C, alkyl or C, to C, alkoxy, sulfonate esters such
as alkyl or arylalkyl sulphonyl including methanesulfonyl,
the mono, di or triphosphate ester, trityl or monomethoxy-
trityl, substituted benzyl, alkaryl, arylalkyl including benzyl,
alkoxyalkyl including methoxymethyl, aryloxyalkyl such as
phenoxymethyl. Aryl groups in the esters optimally comprise
a phenyl group. In particular, acyl groups include acetyl,
trifluoroacetyl, methylacetyl, cyclpropylacetyl, propionyl,
butyryl, hexanoyl, heptanoyl, octanoyl, neo-heptanoyl, phe-
nylacetyl, 2-acetoxy-2-phenylacetyl, diphenylacetyl,
a-methoxy-a-trifftuoromethyl-phenylacetyl, bromoacetyl,
2-nitro-benzeneacetyl, 4-chloro-benzeneacetyl, 2-chloro-2,
2-diphenylacetyl, 2-chloro-2-phenylacetyl, trimethylacetyl,
chlorodifluoroacetyl, perfluoroacetyl, fluoroacetyl, bromodi-
fluoroacetyl, methoxyacetyl, 2-thiopheneacetyl, chlorosulfo-
nylacetyl, 3-methoxyphenylacetyl, phenoxyacetyl, tert-buty-
lacetyl, trichloroacetyl, monochloro-acetyl, dichloroacetyl,
7H-dodecafluoro-heptanoyl, perfluoro-heptanoyl,
7H-dodeca-fluoroheptanoyl, 7-chlorododecafluoro-hep-
tanoyl, 7-chloro-dodecafluoro-heptanoyl, 7H-dodecatluoro-
heptanoyl, 7H-dodeca-fluoroheptanoyl, nona-fluoro-3,6-di-
oxa-heptanoyl, nonafluoro-3,6-dioxaheptanoyl,
perfluoroheptanoyl, methoxybenzoyl, methyl 3-amino-5-
phenylthiophene-2-carboxyl, 3,6-dichloro-2-methoxy-ben-
zoyl, 4-(1,1,2,2-tetrafluoro-ethoxy)-benzoyl, 2-bromo-pro-
pionyl, omega-aminocapryl, decanoyl, n-pentadecanoyl,
stearyl,  3-cyclopentyl-propionyl,  1-benzene-carboxyl,
O-acetylmandelyl, pivaloyl acetyl, 1-adamantane-carboxyl,
cyclohexane-carboxyl, 2,6-pyridinedicarboxyl, cyclopro-
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pane-carboxyl, cyclobutane-carboxyl, perfluorocyclohexyl
carboxyl, 4-methylbenzoyl, chloromethyl isoxazolyl carbo-
nyl, perfluorocyclohexyl carboxyl, crotonyl, 1-methyl-1H-
indazole-3-carbonyl, 2-propenyl, isovaleryl, 1-pyrrolidin-
ecarbonyl, 4-phenylbenzoyl.

The term “amino acid” refers to naturally occurring and
synthetic a, f§ y or & amino acids, and includes but is not
limited to, amino acids found in proteins, i.e. glycine, alanine,
valine, leucine, isoleucine, methionine, phenylalanine, tryp-
tophan, proline, serine, threonine, cysteine, tyrosine, aspar-
agine, glutamine, aspartate, glutamate, lysine, arginine and
histidine. In certain embodiments, the amino acid is in the
L-configuration. Alternatively, the amino acid can be a
derivative of alanyl, valinyl, leucinyl, isoleuccinyl, prolinyl,
phenylalaninyl, tryptophanyl, methioninyl, glycinyl, serinyl,
threoninyl, cysteinyl, tyrosinyl, asparaginyl, glutaminyl,
aspartoyl, glutaroyl, lysinyl, argininyl, histidinyl, p-alanyl,
p-valinyl, p-leucinyl, f-isoleuccinyl, p-prolinyl, p-phenyla-
laninyl, B-tryptophanyl, p-methioninyl, f-glycinyl, p-seri-
nyl, p-threoninyl, B-cysteinyl, p-tyrosinyl, (-asparaginyl,
p-glutaminyl, f-aspartoyl, f-glutaroyl, p-lysinyl, f-argininyl
or B-histidinyl.

The term “amino acid derivative” refers to a group deriv-
able from a naturally or non-naturally occurring amino acid,
as described and exemplified herein. Amino acid derivatives
are apparent to those of skill in the art and include, but are not
limited to, ester, amino alcohol, amino aldehyde, amino lac-
tone, and N-methyl derivatives of naturally and non-naturally
occurring amino acids. In an embodiment, an amino acid
derivative is provided as a substituent of a compound
described herein, wherein the substituent is —NH-G(S.)—
C(0)-Q or —OC(0)G(S)-Q, wherein Q is —SR, —NRR or
alkoxyl, R is hydrogen or alkyl, S is a side chain of a natu-
rally occurring or non-naturally occurring amino acid and G
is C,-C, alkyl. In certain embodiments, G is C, alkyl and S~
is selected from the group consisting of hydrogen, alkyl,
heteroalkyl, arylalkyl and heteroarylalkyl.

The term “substantially free of” or “substantially in the
absence of” with respect to a nucleoside composition refers to
a nucleoside composition that includes at least 85 or 90% by
weight, in certain embodiments 95%, 98%, 99% or 100% by
weight, of the designated enantiomer of that nucleoside. In
certain embodiments, in the methods and compounds pro-
vided herein, the compounds are substantially free of enanti-
omers.

Similarly, the term “isolated” with respect to a nucleoside
composition refers to a nucleoside composition that includes
at least 85, 90%, 95%, 98%, 99% to 100% by weight, of the
nucleoside, the remainder comprising other chemical species
or enantiomers.

“Solvate” refers to a compound provided herein or a salt
thereof, that further includes a stoichiometric or non-sto-
ichiometric amount of solvent bound by non-covalent inter-
molecular forces. Where the solvent is water, the solvate is a
hydrate.

“Isotopic composition” refers to the amount of each iso-
tope present for a given atom, and “natural isotopic compo-
sition” refers to the naturally occurring isotopic composition
orabundance for a given atom. Atoms containing their natural
isotopic composition may also be referred to herein as “non-
enriched” atoms. Unless otherwise designated, the atoms of
the compounds recited herein are meant to represent any
stable isotope of that atom. For example, unless otherwise
stated, when a position is designated specifically as “H” or
“hydrogen”, the position is understood to have hydrogen at its
natural isotopic composition.
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“Isotopic enrichment” refers to the percentage of incorpo-
ration of an amount of a specific isotope at a given atom in a
molecule in the place of that atom’s natural isotopic abun-
dance. For example, deuterium enrichment of 1% at a given
position means that 1% of the molecules in a given sample
contain deuterium at the specified position. Because the natu-
rally occurring distribution of deuterium is about 0.0156%,
deuterium enrichment at any position in a compound synthe-
sized using non-enriched starting materials is about 0.0156%.
The isotopic enrichment of the compounds provided herein
can be determined using conventional analytical methods
known to one of ordinary skill in the art, including mass
spectrometry and nuclear magnetic resonance spectroscopy.

“Isotopically enriched” refers to an atom having an isoto-
pic composition other than the natural isotopic composition
of that atom. “Isotopically enriched” may also refer to a
compound containing at least one atom having an isotopic
composition other than the natural isotopic composition of
that atom.

Asusedherein, “alkyl,” “cycloalkyl,” “alkenyl,” “cycloalk-

enyl,” “alkynyl,” “aryl” “alkoxy,” “alkoxycarbonyl,”
“amino,” “carboxyl,” “alkylamino,” “arylamino,” “thioalky-
oxy,” “heterocyclyl,” “heteroaryl,” “alkylheterocyclyl,”

“alkylheteroaryl,” “acyl,” “aralkyl,” “alkaryl,” “purine,”
“pyrimidine,” “carboxyl” and “amino acid” groups option-
ally comprise deuterium at one or more positions where
hydrogen atoms are present, and wherein the deuterium com-
position of the atom or atoms is other than the natural isotopic
composition.

Also as used herein, “alkyl,” “cycloalkyl,” “alkenyl,”
“cycloalkenyl,” “alkynyl,” “aryl,” “alkoxy,” “alkoxycarbo-
nyl,” “carboxyl,” “alkylamino,” “arylamino,” “thioalkyoxy,”
“heterocyclyl,” “hetero aryl,” “alkylheterocyclyl,” “alkylhet-
eroaryl,” “acyl,” “aralkyl,” “alkaryl,” “purine,” “pyrimidine,”
“carboxyl” and “amino acid” groups optionally comprise
carbon-13 at an amount other than the natural isotopic com-
position.

As used herein, EC,, refers to a dosage, concentration or
amount of a particular test compound that elicits a dose-
dependent response at 50% of maximal expression of a par-
ticular response that is induced, provoked or potentiated by
the particular test compound.

Asused herein, the IC,, refers to an amount, concentration
or dosage of a particular test compound that achieves a 50%
inhibition of a maximal response in an assay that measures
such response.

The term “host”, as used herein, refers to any unicellular or
multicellular organism in which the virus can replicate,
including cell lines and animals, and in certain embodiments,
a human. Alternatively, the host can be carrying a part of the
Flaviviridae viral genome, whose replication or function can
be altered by the compounds of the present invention. The
term host specifically includes infected cells, cells transfected
with all or part of the Flaviviridae genome and animals, in
particular, primates (including chimpanzees) and humans. In
most animal applications of the present invention, the host is
a human patient. Veterinary applications, in certain indica-
tions, however, are clearly anticipated by the present inven-
tion (such as chimpanzees).

As used herein, the terms “subject” and “patient” are used
interchangeably herein. The terms “subject” and “subjects”
refer to an animal, such as a mammal including a non-primate
(e.g., acow, pig, horse, cat, dog, rat, and mouse) and a primate
(e.g., a monkey such as a cynomolgous monkey, a chimpan-
zee and a human), and for example, a human. In certain
embodiments, the subject is refractory or non-responsive to
current treatments for hepatitis C infection. In another
embodiment, the subject is a farm animal (e.g., a horse, a cow,
a pig, etc.) or a pet (e.g., a dog or a cat). In certain embodi-
ments, the subject is a human.
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As used herein, the terms “therapeutic agent” and “thera-
peutic agents” refer to any agent(s) which can be used in the
treatment or prevention of a disorder or one or more symp-
toms thereof. In certain embodiments, the term “therapeutic
agent” includes a compound provided herein. In certain
embodiments, a therapeutic agent is an agent which is known
to be useful for, or has been or is currently being used for the
treatment or prevention of a disorder or one or more symp-
toms thereof.

“Therapeutically effective amount” refers to an amount of
a compound or composition that, when administered to a
subject for treating a disease, is sufficient to effect such treat-
ment for the disease. A “therapeutically effective amount”
can vary depending on, inter alia, the compound, the disease
and its severity, and the age, weight, etc., of the subject to be
treated.

“Treating” or “treatment” of any disease or disorder refers,
in certain embodiments, to ameliorating a disease or disorder
that exists in a subject. In another embodiment, “treating” or
“treatment” includes ameliorating at least one physical
parameter, which may be indiscernible by the subject. In yet
another embodiment, “treating” or “treatment” includes
modulating the disease or disorder, either physically (e.g.,
stabilization of a discernible symptom) or physiologically
(e.g., stabilization of a physical parameter) or both. In yet
another embodiment, “treating” or “treatment” includes
delaying the onset of the disease or disorder.

As used herein, the terms “prophylactic agent” and “pro-
phylactic agents” as used refer to any agent(s) which can be
used in the prevention of a disorder or one or more symptoms
thereof. In certain embodiments, the term “prophylactic
agent” includes a compound provided herein. In certain other
embodiments, the term “prophylactic agent” does not refer a
compound provided herein. For example, a prophylactic
agent is an agent which is known to be useful for, or has been
or is currently being used to prevent or impede the onset,
development, progression and/or severity of a disorder.

As used herein, the phrase “prophylactically effective
amount” refers to the amount of a therapy (e.g., prophylactic
agent) which is sufficient to result in the prevention or reduc-
tion of the development, recurrence or onset of one or more
symptoms associated with a disorder, or to enhance or
improve the prophylactic effect(s) of another therapy (e.g.,
another prophylactic agent).

Compounds

Provided herein are 3',5'-cyclic phosphate prodrug com-
pounds useful for the treatment of Flaviviridae infections
such as HCV infection. The 3',5'-cyclic phosphate prodrug
compounds can be formed as described herein and used for
the treatment of Flaviviridae infections such as HCV infec-
tion.

Incertain embodiments, provided herein are compounds of
Formula (VIII):

(VIID)

or a pharmaceutically acceptable salt, solvate, stereoisomeric
form, tautomeric form or polymorphic form thereof, wherein:
each Base is independently
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each X is independently alkoxyl, hydrogen, or hydroxyl; each
Y is independently hydroxyl, acetoxyl, or fluoro; each Z is
independently -LC(O)O(L),CR;, -L-Ar—C(O)O(L),CRs,
—CR(E)L),0C(0)O(L),CR;, -LSC(O)LOH, -LSC(O)
LOC(O)(L),CR;, -LSC(O)LOC(O)(L),NR,, -LS-S(L),CRs,
-LS-SLOH, -LNRC(0)O(L),CR,, -LSC(O)LNRC(O)O(L),
CR;, —Ar—B, -L-B, -LNRC(O)D, -LNRC(O)CH(OH)
(CR,),0H, or -(L)pCR(RA)C(O)O(L)pCR3; each B is inde-
pendently an alkyl group substituted with aminocarboxylene,
carboxylene, or both; each D is independently

AN
)\
N NH,
or

each E is independently alkyl, substituted alkyl, aryl, or het-
eroaryl; each Ar is independently an arylene or heteroarylene;
each L is independently alkylene or substituted alkylene; each
R is independently hydrogen, alkyl, substituted alkyl, aryl, or
heteroaryl; each R is independently a carbocyclic or hetero-
cyclic ring; and each p is independently O or 1. All combina-
tions of such embodiments are within the scope of this dis-
closure.

Tautomeric forms of the compounds described herein are
within the scope of this disclosure. For example: when Base
is

X
N S
N
Z
%“Z‘i N NH,
and X is hydroxyl, the corresponding carbonyl tautomer is

within the scope of this disclosure; and when Base

NH,

is the corresponding imino tautomer is within the scope of this
disclosure.

In certain embodiments, provided herein are compounds of
Formula (VIIla) or (VIIIb):

w
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(VIIIa)

(VIIIb)

§
Y

CH;

or pharmaceutically acceptable salts, solvates, stereoisomeric
forms, tautomeric forms or polymorphic forms thereof,
wherein each of Y and Z are as described in the context of
Formula (VIII).

In certain embodiments, provided herein are compounds
according to Formula I:

@

or pharmaceutically acceptable salts, solvates, stereoisomeric
forms, tautomeric forms or polymorphic forms thereof,
wherein each X is independently alkoxyl, hydrogen, or
hydroxyl and Y and Z are as described in the context of
Formula (VIII).

In certain embodiments, provided herein are compounds
according to formula la or Ib:

(a)

CH;

1D

(Ib)




US 9,296,778 B2

15

or pharmaceutically acceptable salts, solvates, stereoisomeric
forms, tautomeric forms or polymorphic forms thereof,
wherein X, Y, and Z are as defined in the context of Formula
VIIL

In certain embodiments, provided herein are compounds
according to any of formulas II, III, or IV:

an

(1)

av)

or pharmaceutically acceptable salts, solvates, stereoisomeric
forms, tautomeric forms or polymorphic forms thereof,
whereinY and Z are as defined in the context of Formula VIII.
In certain embodiments, each Y is independently hydroxyl or
fluoro. In certain embodiments, each Y is hydroxyl. In certain
embodiments, each Y is fluoro.

In certain embodiments, a compound of Formula V is pro-
vided:

V)

or pharmaceutically acceptable salts, solvates, stereoisomeric
forms, tautomeric forms or polymorphic forms thereof,
wherein: each X is independently alkoxyl, hydrogen, or
hydroxyl; or each X is as defined in the context of Formula
VIII; each ring A is independently a 3-10 membered carbocy-
clic or heterocyclic ring; and each Z is independently alkyl,
substituted alkyl, arylalkyl, heteroarylalkyl, cycloalkyl, or a
combination thereof; or each Z is as defined in the context of
Formula VIII. In certain embodiments, ring A is oxacyclo-
propyl or oxacyclobutyl.

In certain embodiments, a compound of Formula Va or Vb
is provided:
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(Va)

(Vb)

(6]
S
o%
Z/

or pharmaceutically acceptable salts, solvates, stereoisomeric
forms, tautomeric forms or polymorphic forms thereof,
wherein ring A, X, Y, and Z are as defined in the context of
Formula VI; or X, Y, and Z are as defined in the context of
Formula VIII.

In certain embodiments, a compound of Formula VI is
provided:

VD

or pharmaceutically acceptable salts, solvates, stereoisomeric
forms, tautomeric forms or polymorphic forms thereof,
wherein: each X is independently alkoxyl, hydrogen, or
hydroxyl; each Y is independently hydroxyl, acetoxyl, or
fluoro; each W is independently hydrogen, fluoro, or methyl;
each Z is independently -LC(O)O(L),CR;, -L-Ar—C(0)O
L),CR;, —CR(EXL),0C(0)O(L),CR,, -LSC(O)LOH,
-LSC(O)LOC(O) (L),CR;, -LS-S(L),CR;, -LS-SLOH,
-LNRC(O)O(L),CR;, —Ar—B, -L-B, -LNRC(O)D, -LNRC
(O)CH(OH)(CR,),OH, or ~(L),CR(R*)C(O)O(L),CR;;
each B is independently an alkyl group substituted with ami-
nocarboxylene, carboxylene, or both; each D is indepen-
dently

each E is independently alkyl, substituted alkyl, aryl, or het-
eroaryl; each Aris independently an arylene or heteroarylene;
each L is independently alkylene, or substituted alkylene;
each R is independently hydrogen, alkyl, substituted alkyl,
aryl, or heteroaryl; each R# is independently a carbocyclic or
heterocyclic ring; each p is independently O or 1; and each of
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R? and R€ is independently hydrogen, C,-C,, alkyl, C,-C,,
substituted alkyl, C;-C, , aryl, or C5-C , , heteroaryl; or R® and
R¢ are each independently selected from hydrogen, an
optionally substituted C, 4 alkyl, an optionally substituted
C,_¢ alkenyl, an optionally substituted C, 4 alkynyl and an
optionally substituted C,_ haloalkyl, and optionally at least
one of R? and R is not hydrogen; or R and R are taken
together to form a group selected from among C, g
cycloalkyl, C;_ cycloalkenyl, C;_ aryl, and C;_¢ heteroaryl.
In certain embodiments, each R? and R is independently
hydrogen or methyl. In certain embodiments, each RZ and R¢
is hydrogen. In certain embodiments, each R® and R is
methyl. In certain embodiments, each R? is hydrogen and
each R is methyl.

In certain embodiments, each W is independently hydro-
gen. In certain embodiments, each W is independently fluoro.
In certain embodiments, each W is independently methyl.

In certain embodiments, a compound of Formula Vla or

VIb is provided:
N (VIa)
RZ R N/ o X
a4
~
NH,
(VIb)

NH,

or pharmaceutically acceptable salts, solvates, stereoisomeric
forms, tautomeric forms or polymorphic forms thereof,
wherein: each of W, X,Y, Z, R? and R€ are as defined herein
in the context of Formula V1.

In certain embodiments, a compound of Formula (IX) is
provided:

Ix)

or a pharmaceutically acceptable salt, solvate, stereoisomeric
form, tautomeric form or polymorphic form thereof, wherein:
each Z is independently -LSC(O)LC(O)O(L),CR; or -LSC
(O)LNRC(O)O(L),CR;; each L is independently alkylene or
substituted alkylene; each R is independently hydrogen,
alkyl, substituted alkyl, aryl, or heteroaryl; and each p is
independently O or 1.
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In certain embodiments, a compound of any of Formula
(IXa) or (IXb) is provided:

(IXa)

(IXb)

or a pharmaceutically acceptable salt, solvate, stereoisomeric
form, tautomeric form or polymorphic form thereof, wherein
each Z is as described in the context of Formula (IX).

In certain embodiments, a compound of Formula (IXc) is
provided:

Xe)
NH

or a pharmaceutically acceptable salt, solvate, stereoisomeric
form, tautomeric form or polymorphic form thereof, wherein
each Z is as described in the context of Formula (IX).

In certain embodiments, a compound of any of Formula
(IXd) or (IXe) is provided:
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(IXd)

NH

Xe)
NH

or a pharmaceutically acceptable salt, solvate, stereoisomeric
form, tautomeric form or polymorphic form thereof, wherein
each Z is as described in the context of Formula (IX).

In certain embodiments, a compound of Formula (X) is
provided:

X
N X
(
O N / \N
/O CHy  N=
Oz 2 v
P s -
N 2 NHy;
A DAc ?
z—0

or a pharmaceutically acceptable salt, solvate, stereoisomeric
form, tautomeric form or polymorphic form thereof, wherein
each Z is as described in the context of Formula (VIII).

In certain embodiments, a compound of any of Formula
(Xa) or (Xb) is provided:

(Xa)
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-continued
(Xb)

or a pharmaceutically acceptable salt, solvate, stereoisomeric
form, tautomeric form or polymorphic form thereof, wherein
each Z is as described in the context of Formula (VIII).

In certain embodiments, each Z is independently -L.SC(O)
LC(O)O(L),CR;; where L, R, and p are as defined in the
context of Formula (IX). In certain embodiments, each Z is
independently -LSC(O)LNRC(O)O(L),CR;; where L, R,
and p are as defined in the context of Formula (IX).

In certain embodiments, each Base is
X
N X
N
AL
1"’1,41:“ N/

were X is as defined in the context of Formula VIII. In certain
embodiments, each Base is

NH,,

In certain embodiments, each X is independently C,-C,
alkoxyl, hydrogen, or hydroxyl. In certain embodiments,
each X is independently C,-C; alkoxyl. In certain embodi-
ments, each X is independently C,-C, alkoxyl. In certain
embodiments, each X is methoxyl. In certain embodiments,
each X is ethoxyl.

In certain embodiments, each L is independently C,-C,,,
alkylene or C,-C,, substituted alkylene. In certain embodi-
ments, each L is independently C,-C; alkylene or C,-Cs
substituted alkylene. In certain embodiments, each L is inde-
pendently C,-C,, alkylene. In certain embodiments, each L is
independently C,-C,, substituted alkylene.

In certain embodiments, each Z is independently —(CR,),,
C(0)O(CR,),CR;, —(CR,),, ArC(O)O(CR,),,CR;,—CR(E)
(CR,),,O0C(O)O(CR,),,CRj, —(CR,),,SC(0)(CR,),,OH,
—(CR,),,SC(O)(CR,),, OC(0O)(CR,),CR;, —(CR,), S—S
(CR,),CR;, —(CR,),,S—S(CR,),,0H, —(CR,), NRC(O)O
(CR,),CR,
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—(CR,),B, —(CR,),NRC(O)D, —(CR,), NRC(O)CH
(OH)(CR,),0H, or —(CR,),CRERHC(O)O(CR,),CR;;

wherein Ar, E, B, D, R, and R* are as described herein in the
context of Formula VIII; each m is independently an integer
selected over the range of 1 to 10; and each n is independently
an integer selected over the range of 0 to 10. In certain
embodiments, each Z is independently —(CR,),,C(O)O
(CR,),,CR;. In certain embodiments, each 7 is independently
—(CR,),,ArC(O)O(CR,),CR;. In certain embodiments,
each Z is independently —CR(E)(CR,),OC(O)O(CR,),
CR;. In certain embodiments, each Z is independently
—(CR,),,SC(0)(CR,),,OH. In certain embodiments, each Z
is independently —(CR,),, SC(O)(CR,),, OC(O)(CR,),CR;.
In certain embodiments, each Z is independently —(CR,),,
S—S(CR,),,CR;. In certain embodiments, each Z is indepen-
dently —(CR,),,S—S(CR,),,OH. In certain embodiments,
each Z is independently —(CR,),, NRC(O)O(CR,),CR;. In
certain embodiments, each Z is independently

e,

In certain embodiments, each Z is independently —(CR,), B.
In certain embodiments, each Z is independently —(CR,),,
NRC(O)D. In certain embodiments, each Z is independently
—(CR,),,NRC(O)CH(OH)(CR,),OH. In certain embodi-
ments, each Z is independently —(CR,),CR(R*)C(0)O
(CR,),CR;.

In certain embodiments, each E is independently C,-C,,
alkyl, C,-C,, substituted alkyl, C5-C,, aryl, or C5-C,, het-
eroaryl. In certain embodiments, each E is independently
C,-C,, alkyl. In certain embodiments, each E is indepen-
dently C,-C, , substituted alkyl. In certain embodiments, each
Eis independently C;-C, , aryl. In certain embodiments, each
E is independently C5-C, , heteroaryl.

In certain embodiments, each Ar is independently C5-C,
arylene or C;-C,, heteroarylene. In certain embodiments,
each Ar is independently C,-C, , arylene. In certain embodi-
ments, each Ar is independently C;-C, , heteroarylene.

In certain embodiments, each R is independently hydro-
gen, C,-C,, alkyl, C,-C,, substituted alkyl, Cs-C,, aryl, or
C5-C, heteroaryl. In certain embodiments, each R is inde-
pendently hydrogen, C,-C; alkyl, C,-C; substituted alkyl,
C5-C,, aryl, or C5-C,, heteroaryl. In certain embodiments,
each R is independently hydrogen, fluoro, C,-C,, alkyl,
C,-C,, substituted alkyl, C5-C,, aryl, or C5-C, , heteroaryl.

In certain embodiments, each R is independently a 3-20
membered carbocyclic or heterocyclic ring. In certain
embodiments, each R* is independently a cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, or cycloheptyl group. In
certain embodiments, each R is independently an oxiranyl,
oxetanyl, furanyl, oxanyl, or oxepanyl group. In certain
embodiments, each R*is independently an aziridinyl, azetidi-
nyl, pyrrolidinyl, piperidinyl, or azepinyl group. In certain
embodiments, each R* is independently a thiiranyl, thietanyl,
thiofanyl, thianyl, or thiepanyl group.
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In certain embodiments, each Y is independently fluoro,
acetoxyl, or hydroxyl and each Base is

In certain embodiments, each Y is independently fluoro,
acetoxyl, or hydroxyl; Base is

NH,

[

MVZ,:&O;

and each Z is —(CR,),,,C(O)O(CR,),,CR;; wherein R is as
defined herein in the context of Formula VIII; each m is
independently an integer selected over the range of 1 to 10;
and each n is independently an integer selected over the range
of 0 to 10.

In certain embodiments, each Y is independently fluoro,
acetoxyl, or hydroxyl; Base is

and each Z is —(CR,),,ArC(O)O(CR,),,CR;; wherein R and
Ar are as defined herein in the context of Formula VIII; each
m is independently an integer selected over the range of 1 to
10; and each n is independently an integer selected over the
range of 0 to 10. In certain embodiments, each Y is indepen-
dently fluoro, acetoxyl, or hydroxyl; Base is

NH,

and each Z is —CR(E)(CR,), OC(O)O(CR,),CR;; wherein
R and E are as defined herein in the context of Formula VIII;
and each n is independently an integer selected over the range
of 0to 10.

In certain embodiments, each Y is independently fluoro,
acetoxyl, or hydroxyl; Base is
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NH,

and each Z is —(CR,),,SC(O)(CR,),,OH; wherein R is as
defined herein in the context of Formula VIII; and each m is
independently an integer selected over the range of 1 to 10. In
certain embodiments, each Y is independently fluoro,
acetoxyl, or hydroxyl; Base is

and each Z is —(CR,),,SC(O)(CR,),,OC(O)(CR,),CR;;
wherein R is as defined herein in the context of Formula VIII;
each m is independently an integer selected over the range of
1 to 10; and each n is independently an integer selected over
the range of 0 to 10.

In certain embodiments, each Y is independently fluoro,
acetoxyl, or hydroxyl; Base is

and each Z is —(CR,),,S—S(CR,),,CR;; wherein R is as
defined herein in the context of Formula VIII; each m is
independently an integer selected over the range of 1 to 10;
and each n is independently an integer selected over the range
of 0 to 10.

In certain embodiments, each Y is independently fluoro,
acetoxyl, or hydroxyl; Base is

and each Z is —(CR,),,S—S(CR,),,OH wherein R is as
defined herein in the context of Formula VIII; and each m is
independently an integer selected over the range of 1 to 10. In
certain embodiments, each Y is independently fluoro,
acetoxyl, or hydroxyl; Base is
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and each Z is —(CR,),,NRC(O)O(CR,),,CR;; wherein R is
as defined herein in the context of Formula VIII; each m is
independently an integer selected over the range of 1 to 10;
and each n is independently an integer selected over the range
of 0 to 10.

In certain embodiments, each Y is independently fluoro,
acetoxyl, or hydroxyl; Base is

NH,

@

N

V”"\IZ\W o
.B’

and each Z is

/7 ',

wherein B is as defined in the context of Formula VIII. In
certain embodiments, each Y is independently fluoro,
acetoxyl, or hydroxyl; Base is

NH,

“««Z,:&O;

and each Z is —(CR,),,B, wherein R and B are as defined in
the context of Formula VIII; and each n is independently an
integer selected over the range of 0 to 10.

In certain embodiments, each Y is independently fluoro,
acetoxyl, or hydroxyl; Base is

NH,

and each Z is —(CR,),,NRC(O)D; wherein R and D are as
defined herein in the context of Formula VIII; and each m is
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independently an integer selected over the range of 1 to 10. In
certain embodiments, each Y is independently fluoro,
acetoxyl, or hydroxyl; Base is

and each Z is —(CR,),,NRC(O)CH(OH)(CR,),OH; wherein
R is as defined herein in the context of Formula VIII; and each
m is independently an integer selected over the range of 1 to
10. In certain embodiments, each Y is independently fluoro,
acetoxyl, or hydroxyl; Base is

and each Z is —(CR,),,CR(R*)C(O)O(CR,),,CR;; wherein R
is as defined herein in the context of Formula VIII; and each
n is independently an integer selected over the range of O to
10.

In certain embodiments, Y is fluoro. In certain embodi-
ments, Y is acetoxyl. In certain embodiments, Y is hydroxyl.
In certain embodiments, Y is fluoro and each Base is

NH,
N

A

0.

@

f

In certain embodiments, Y is fluoro; each Base is
NH,
N

oy

0;

@8

-

and each Z is —(CR,),,C(O)O(CR,)—CR;; wherein R is as
defined herein in the context of Formula VIII; each m is
independently an integer selected over the range of 1 to 10;
and each n is independently an integer selected over the range
of 0 to 10.
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In certain embodiments, Y is fluoro; each Base is

NH,

and each Z is —(CR,),,ArC(O)O(CR,)—CR;; wherein R
and Ar are as defined herein in the context of Formula VIII;
each m is independently an integer selected over the range of
1 to 10; and each n is independently an integer selected over
the range of 0 to 10. In certain embodiments, Y is fluoro; each
Base is

and each Z is —CR(E)(CR,), 0C(0)O(CR,),,CR;; wherein
R and E are as defined herein in the context of Formula VIII;
and each n is independently an integer selected over the range
of 0to 10.

In certain embodiments, Y is fluoro; each Base is

NH,

and each Z is —(CR,),,SC(O)(CR,),,OH; wherein R is as
defined herein in the context of Formula VIII; and each m is
independently an integer selected over the range of 1 to 10. In
certain embodiments, Y is fluoro; each Base is

NH,

and each 7Z is —(CR,),,SC(O)(CR,),,O0C(O)(CR,),CR;;
wherein R is as defined herein in the context of Formula VIII;
each m is independently an integer selected over the range of
1 to 10; and each n is independently an integer selected over
the range of 0 to 10.
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In certain embodiments, Y is fluoro; each Base is

NH,

and each Z is —(CR,),,S—S(CR,)—CR;; wherein R is as
defined herein in the context of Formula VIII; each m is
independently an integer selected over the range of 1 to 10;
and each n is independently an integer selected over the range
of 0 to 10.

In certain embodiments, Y is fluoro; each Base is

NH,

and each Z is —(CR,),,S—S(CR,),,OH wherein R is as
defined herein in the context of Formula VIII; and each m is

independently an integer selected over the range of 1 to 10. In .

certain embodiments, Y is fluoro; each Base is

and each Z is —(CR,),, NRC(O)O(CR,),,CR;; wherein R is
as defined herein in the context of Formula VIII; each m is
independently an integer selected over the range of 1 to 10;
and each n is independently an integer selected over the range
of 0 to 10.

In certain embodiments, Y is fluoro; each Base is

NH,

28

and each Z is

.B’

wn
4,

wherein B is as defined in the context of Formula VIII. In
certain embodiments, Y is fluoro; each Base is

NH,

d

N

W\«.LWO;

and each Z is —(CR,), B, wherein R and B are as defined in
the context of Formula VIII; and each n is independently an

’s integer selected over the range of 0 to 10.

15

20

In certain embodiments, Y is fluoro; each Base is

NH,

30

and each Z is —(CR,),,NRC(O)D; wherein R and D are as
defined herein in the context of Formula VIII; and each m is
independently an integer selected over the range of 1 to 10. In
certain embodiments, Y is fluoro; each Base is

40

NH,
45
[
N/&O.
50 M"l\w ,

and each Z is —(CR,), NRC(O)CH(OH)(CR,),OH; wherein
R is as defined herein in the context of Formula VIII; and each
m is independently an integer selected over the range of 1 to
10. In certain embodiments, Y is fluoro; each Base is

55

NI,
60
[
N/go.
65 """\'Z\,W ’
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and each Z is —(CR,),,CR(R*)C(O)O(CR,),,CR;; wherein R
is as defined herein in the context of Formula VIII; and each
n is independently an integer selected over the range of O to
10.

In certain embodiments, Y is acetoxyl and each Base is

NH,

@

N

"""vl\,w\o'

In certain embodiments, Y is acetoxyl; each Base is

NH,

Q

N
0;

o,

and each Z is —(CR,),,C(O)O(CR,),,CR;; wherein R is as
defined herein in the context of Formula VIII; each m is
independently an integer selected over the range of 1 to 10;
and each n is independently an integer selected over the range
of 0 to 10.

In certain embodiments, Y is acetoxyl; each Base is

and each 7Z is —(CR,),, ArC(O)O(CR,)—CR;; wherein R
and Ar are as defined herein in the context of Formula VIII;
each m is independently an integer selected over the range of
1 to 10; and each n is independently an integer selected over
the range of 0 to 10. In certain embodiments, Y is acetoxyl;
each Base is

and each Z is —CR(E)(CR,), 0C(0)O(CR,),,CR;; wherein
R and E are as defined herein in the context of Formula VIII;
and each n is independently an integer selected over the range
of 0to 10.
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In certain embodiments, Y is acetoxyl; each Base is

NH,

and each Z is —(CR,),,SC(O)(CR,),,OH; wherein R is as
defined herein in the context of Formula VIII; and each m is
independently an integer selected over the range of 1 to 10. In
certain embodiments, Y is acetoxyl; each Base is

NH,

and each 7Z is —(CR,),,SC(O)(CR,),,O0C(O)(CR,),CR;;
wherein R is as defined herein in the context of Formula VIII;
each m is independently an integer selected over the range of
1 to 10; and each n is independently an integer selected over
the range of 0 to 10.

In certain embodiments, Y is acetoxyl; each Base is

NH,

and each Z is —(CR,),,S—S(CR,)—CR;; wherein R is as
defined herein in the context of Formula VIII; each m is
independently an integer selected over the range of 1 to 10;
and each n is independently an integer selected over the range
of 0 to 10.

In certain embodiments, Y is acetoxyl; each Base is

NH,

and each Z is —(CR,),,S—S(CR,),,OH wherein R is as
defined herein in the context of Formula VIII; and each m is
independently an integer selected over the range of 1 to 10. In
certain embodiments, Y is acetoxyl; each Base is
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and each Z is —(CR,), NRC(O)O(CR,), CR;; wherein R is
as defined herein in the context of Formula VIII; each m is
independently an integer selected over the range of 1 to 10;
and each n is independently an integer selected over the range
of 0 to 10.

In certain embodiments, Y is acetoxyl; each Base is

NH,

"\««li:g();

and each Z is

,/I,

wherein B is as defined in the context of Formula VIII. In
certain embodiments, Y is acetoxyl; each Base is

NH,

"\««li:&();

and each Z is —(CR,), B, wherein R and B are as defined in
the context of Formula VIII; and each n is independently an
integer selected over the range of 0 to 10.

In certain embodiments, Y is acetoxyl; each Base is

NH,

and each 7Z is —(CR,),,NRC(O)D; wherein R and D are as
defined herein in the context of Formula VIII; and each m is
independently an integer selected over the range of 1 to 10. In
certain embodiments, Y is acetoxyl; each Base is
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NH,

and each Z is —(CR,), NRC(O)CH(OH)(CR,),OH; wherein
R is as defined herein in the context of Formula VIII; and each
m is independently an integer selected over the range of 1 to
10. In certain embodiments, Y is acetoxyl; each Base is

NH,

and each Z is —(CR,),,CR(R*)C(O)O(CR,),,CR; wherein R
is as defined herein in the context of Formula VIII; and each
n is independently an integer selected over the range of 0 to
10.

In certain embodiments, Y is hydroxyl and each Base is

In certain embodiments, Y is hydroxyl; each Base is

NH,

and each Z is —(CR,),,C(O)O(CR,),,CR;; wherein R is as
defined herein in the context of Formula VIII; each m is
independently an integer selected over the range of 1 to 10;
and each n is independently an integer selected over the range
of 0 to 10.
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In certain embodiments, Y is hydroxyl; each Base is

NH,

and each Z is —(CR,),,ArC(O)O(CR,)—CR;; wherein R
and Ar are as defined herein in the context of Formula VIII;
each m is independently an integer selected over the range of
1 to 10; and each n is independently an integer selected over
the range of 0 to 10. In certain embodiments, Y is hydroxyl;
each Base is

and each Z is —CR(E)(CR,), 0C(0)O(CR,),,CR;; wherein
R and E are as defined herein in the context of Formula VIII;
and each n is independently an integer selected over the range
of 0to 10.

In certain embodiments, Y is hydroxyl; each Base is

NH,

and each Z is —(CR,),,SC(O)(CR,),,OH; wherein R is as
defined herein in the context of Formula VIII; and each m is
independently an integer selected over the range of 1 to 10. In
certain embodiments, Y is hydroxyl; each Base is

NH,

and each 7Z is —(CR,),,SC(O)(CR,),, OC(O)(CR,),CR;;
wherein R is as defined herein in the context of Formula VIII;
each m is independently an integer selected over the range of
1 to 10; and each n is independently an integer selected over
the range of 0 to 10.
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In certain embodiments, Y is hydroxyl; each Base is

NH,

and each Z is —(CR,),,S—S(CR,)—CR;; wherein R is as
defined herein in the context of Formula VIII; each m is
independently an integer selected over the range of 1 to 10;
and each n is independently an integer selected over the range
of 0 to 10.

In certain embodiments, Y is hydroxyl; each Base is

NH,

and each Z is —(CR,),,S—S(CR,),,OH wherein R is as
defined herein in the context of Formula VIII; and each m is
independently an integer selected over the range of 1 to 10. In
certain embodiments, Y is hydroxyl; each Base is

NH,

Q

N

and each Z is —(CR,),,NRC(O)O(CR,),,CR;; wherein R is
as defined herein in the context of Formula VIII; each m is
independently an integer selected over the range of 1 to 10;
and each n is independently an integer selected over the range
of 0 to 10.

In certain embodiments, Y is hydroxyl; each Base is

and each Z is

,’I,
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wherein B is as defined in the context of Formula VIII. In In certain embodiments, Base is

certain

embodiments, Y is hydroxyl; each Base is
X

w

NH, </N | Xy
)\
/ N N N N NH,
10 %
N
and X is C,-C, , alkoxyl. In certain embodiments, Base is

15
and each 7Z is —(CR,),,B, wherein R and B are as defined in
the context of Formula VIII; and each n is independently an X

integer selected over the range of 0 to 10.
/N x N
: (L
/
“‘"l{i N NH,

In certain embodiments, Y is hydroxyl; each Base is

NH,
/ Ny 25
/& and X is hydroxyl. In certain embodiments, Base is
N
M"[\/m,, o
30
and each 7Z is —(CR,),,NRC(O)D; wherein R and D are as X
defined herein in the context of Formula VIII; and each m is N
independently an integer selected over the range of 1 to 10. In / N
certain embodiments, Y is hydroxyl; each Base is 35 < | )\
“‘"l{i N NH,
NH,
40
[
N/& and X is hydrogen. In certain embodiments, Base is

M"'l"\a,\ o
45

and each Z is —(CR,),, NRC(O)CH(OH)(CR,),OH; wherein N XN
R is as defined herein in the context of Formula VIII; and each </ |
N )\
N NH,

X

m is independently an integer selected over the range of 1 to 5
10. In certain embodiments, Y is hydroxyl; each Base is

55 and X is methoxyl. In certain embodiments, Base is

X
A
N x
0; 60 N
P
N N NH,

and each Z is —(CR,),,CR(R*)C(O)O(CR,),,CR;; wherein R

is as defined herein in the context of Formula VIII; and each g5

n is independently an integer selected over the range of O to

10. and X is ethoxyl.
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In certain embodiments, Base is

X

(1L
L.,

eachY is independently fluoro, acetoxyl, or hydroxyl and X is
hydrogen. In certain embodiments, each Y is independently
fluoro, acetoxyl, or hydroxyl; X is hydrogen; and each Z is
—(CR,),,C(O)YO(CR,),,CR;; wherein R is as defined herein
in the context of Formula VIII; each m is independently an
integer selected over the range of 1 to 10; and each n is
independently an integer selected over the range of 0 to 10.

NH,,

In certain embodiments, Base is

X

(1L
L.,

each Y is independently fluoro, acetoxyl, or hydroxyl; X is
hydrogen; and each Z is —(CR,), ArC(O)O(CR,),CRj;
wherein R and Ar are as defined herein in the context of
Formula VIII; each m is independently an integer selected
over the range of 1 to 10; and each n is independently an
integer selected over the range of 0 to 10. In certain embodi-
ments, eachY is independently fluoro, acetoxyl, or hydroxyl;
X is hydrogen; and each Z is —CR(E)(CR,),,0C(O)O(CR,),,
CR;; wherein R and E are as defined herein in the context of
Formula VIII; and each n is independently an integer selected
over the range of 0 to 10.

NH,,

In certain embodiments, Base is

X

P
~l,

each Y is independently fluoro, acetoxyl, or hydroxyl; X is
hydrogen; and each 7 is —(CR,),,SC(O)(CR,),,OH; wherein
R is as defined herein in the context of Formula VIII; and each
m is independently an integer selected over the range of 1 to
10. In certain embodiments, each Y is independently fluoro,
acetoxyl, or hydroxyl; X is hydrogen; and each Z is —(CR,),,
SC(O)(CR,),,0C(O)(CR,),CR;; wherein R is as defined
herein in the context of Formula VIII; each m is indepen-
dently an integer selected over the range of 1 to 10; and each
n is independently an integer selected over the range of O to
10.

NHo,
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In certain embodiments, Base is

X

1
L.,

each Y is independently fluoro, acetoxyl, or hydroxyl; X is
hydrogen; and each Z is —(CR,),,S—S(CR,),,CR;; wherein
R is as defined herein in the context of Formula VIII; each m
is independently an integer selected over the range of 1 to 10;
and each n is independently an integer selected over the range
of 0 to 10.

In certain embodiments, Base is

NH,,

X

T
L,

each Y is independently fluoro, acetoxyl, or hydroxyl; X is
hydrogen; and each Zis—(CR,),,S—S(CR,),,OH wherein R
is as defined herein in the context of Formula VIII; and each
m is independently an integer selected over the range of 1 to
10. In certain embodiments, each Y is independently fluoro,
acetoxyl, or hydroxyl; X is hydrogen; and each Z is —(CR,),,
NRC(O)O(CR,),,CR;; wherein R is as defined herein in the
context of Formula VIII; each m is independently an integer
selected over the range of 1 to 10; and each n is independently
an integer selected over the range of 0 to 10.
In certain embodiments, Base is

NH;,

X

T
]

each Y is independently fluoro, acetoxyl, or hydroxyl; X is
hydrogen; and each Z is

NH;,

7y, ',

wherein B is as defined in the context of Formula VIII. In
certain embodiments, each Y is independently fluoro,
acetoxyl, or hydroxyl; X is hydrogen; and each Z is —(CR,),,
B, wherein R and B are as defined in the context of Formula
VIII; and each n is independently an integer selected over the
range of 0 to 10.
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In certain embodiments, Base is

X

(1L
L.,

each Y is independently fluoro, acetoxyl, or hydroxyl; X is
hydrogen; and each 7 is —(CR,),,NRC(O)D; wherein R and
D are as defined herein in the context of Formula VIII; and
each m is independently an integer selected over the range of
1 to 10. In certain embodiments, each Y is independently
fluoro, acetoxyl, or hydroxyl; X is hydrogen; and each Z is
—(CR,),,NRC(O)CH(OH)(CR,),OH; wherein R is as
defined herein in the context of Formula VIII; and each m is
independently an integer selected over the range of 1 to 10. In
certain embodiments, each Y is independently fluoro,
acetoxyl, or hydroxyl; X is hydrogen; and each Z is —(CR,),,
CR(R)C(O)O(CR,),CR,; wherein R is as defined herein in
the context of Formula VIII; and each n is independently an
integer selected over the range of 0 to 10.
In certain embodiments, Base is

NH,,

X

T
L,

eachY is independently fluoro, acetoxyl, or hydroxyl and X is
hydroxyl. In certain embodiments, each Y is independently
fluoro, acetoxyl, or hydroxyl; X is hydroxyl; and each Z is
—(CR,),,C(O)O(CR,),,CR;; wherein R is as defined herein
in the context of Formula VIII; each m is independently an
integer selected over the range of 1 to 10; and each n is
independently an integer selected over the range of 0 to 10.
In certain embodiments, Base is

NHo,

X

(1
~d,

each Y is independently fluoro, acetoxyl, or hydroxyl; X is
hydroxyl; and each Z is —(CR,),,ArC(O)O(CR,),CR;;
wherein R and Ar are as defined herein in the context of
Formula VIII; each m is independently an integer selected
over the range of 1 to 10; and each n is independently an
integer selected over the range of 0 to 10. In certain embodi-
ments, eachY is independently fluoro, acetoxyl, or hydroxyl;
X is hydroxyl; and each Z is —CR(E)(CR,), OC(O)O(CR,),,
CR;; wherein R and E are as defined herein in the context of
Formula VIII; and each n is independently an integer selected
over the range of 0 to 10.

NHo,
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In certain embodiments, Base is

X

1
L,

each Y is independently fluoro, acetoxyl, or hydroxyl; X is
hydroxyl; and each Z is —(CR,),,SC(O)(CR,),,OH; wherein
R is as defined herein in the context of Formula VIII; and each
m is independently an integer selected over the range of 1 to
10. In certain embodiments, each Y is independently fluoro,
acetoxyl, or hydroxyl; X is hydroxyl; and each Z is —(CR,),,
SC(O)(CR,),,0C(O)(CR,),CR;; wherein R is as defined
herein in the context of Formula VIII; each m is indepen-
dently an integer selected over the range of 1 to 10; and each
n is independently an integer selected over the range of 0 to
10.

NHy,

In certain embodiments, Base is

X

P
]

each Y is independently fluoro, acetoxyl, or hydroxyl; X is
hydroxyl; and each Z is —(CR,),,S—S(CR,),,CR;; wherein
R is as defined herein in the context of Formula VIII; each m
is independently an integer selected over the range of 1 to 10;
and each n is independently an integer selected over the range
of 0 to 10.

In certain embodiments, Base is

NHy,

X

1
A

each Y is independently fluoro, acetoxyl, or hydroxyl; X is
hydroxyl; and each 7 is —(CR,),,S—S(CR,),,OH wherein R
is as defined herein in the context of Formula VIII; and each
m is independently an integer selected over the range of 1 to
10. In certain embodiments, each Y is independently fluoro,
acetoxyl, or hydroxyl; X is hydroxyl; and each Z is —(CR,),,
NRC(O)O(CR,),,CR;; wherein R is as defined herein in the
context of Formula VIII; each m is independently an integer
selected over the range of 1 to 10; and each n is independently
an integer selected over the range of 0 to 10.

NH,,
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In certain embodiments, Base is
X
N =
N
1"'\41: N/

each Y is independently fluoro, acetoxyl, or hydroxyl; X is
hydroxyl; and each Z is

NH,,

‘n,,

wherein B is as defined in the context of Formula VIII. In
certain embodiments, each Y is independently fluoro,
acetoxyl, or hydroxyl; X is hydroxyl; and each Z is —(CR,),,
B, wherein R and B are as defined in the context of Formula
VIII; and each n is independently an integer selected over the
range of 0 to 10.

In certain embodiments, Base is

X

(T
L,

each Y is independently fluoro, acetoxyl, or hydroxyl; X is
hydroxyl; and each Z is —(CR,),, NRC(O)D; wherein R and
D are as defined herein in the context of Formula VIII; and
each m is independently an integer selected over the range of
1 to 10. In certain embodiments, each Y is independently
fluoro, acetoxyl, or hydroxyl; X is hydroxyl; and each Z is
—(CR,),,NRC(O)CH(OH)(CR,),OH; wherein R is as
defined herein in the context of Formula VIII; and each m is
independently an integer selected over the range of 1 to 10. In
certain embodiments, each Y is independently fluoro,
acetoxyl, or hydroxyl; X is hydroxyl; and each Z is —(CR,),,
CR(R*)C(O)O(CR,),CR,; wherein R is as defined herein in
the context of Formula VIII; and each n is independently an
integer selected over the range of 0 to 10.
In certain embodiments, Base is

NH,,

X

P
L,

eachY is independently fluoro, acetoxyl, or hydroxyl and X is
methoxyl. In certain embodiments, each Y is independently

NH,,
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fluoro, acetoxyl, or hydroxyl; X is methoxyl; and each Z is

—(CR,),,C(O)O(CR,),,CR;; wherein R is as defined herein

in the context of Formula VIII; each m is independently an

integer selected over the range of 1 to 10; and each n is

independently an integer selected over the range of 0 to 10.
In certain embodiments, Base is

X

1
~,

each Y is independently fluoro, acetoxyl, or hydroxyl; X is
methoxyl; and each Z is —(CR,),, ArC(O)O(CR,),CR;;
wherein R and Ar are as defined herein in the context of
Formula VIII; each m is independently an integer selected
over the range of 1 to 10; and each n is independently an
integer selected over the range of 0 to 10. In certain embodi-
ments, eachY is independently fluoro, acetoxyl, or hydroxyl;
X is methoxyl; and each Z is —CR(E)(CR,), OC(O)O(CR,),,
CR;; wherein R and E are as defined herein in the context of
Formula VIII; and each n is independently an integer selected
over the range of 0 to 10.
In certain embodiments, Base is

NHy,

X

T
A

each Y is independently fluoro, acetoxyl, or hydroxyl; X is
methoxyl; and each Z is —(CR,),,SC(O)(CR,),,OH; wherein
R is as defined herein in the context of Formula VIII; and each
m is independently an integer selected over the range of 1 to
10. In certain embodiments, each Y is independently fluoro,
acetoxyl, or hydroxyl; X is methoxyl; and each Z is —(CR,),,
SC(0)(CR,),, 0C(0O)(CR,),CR;; wherein R is as defined
herein in the context of Formula VIII; each m is indepen-
dently an integer selected over the range of 1 to 10; and each
n is independently an integer selected over the range of 0 to
10.
In certain embodiments, Base is

NH;,

X

1
.,

each Y is independently fluoro, acetoxyl, or hydroxyl; X is
methoxyl; and each Z is —(CR,),,S—S(CR,), CR;; wherein
R is as defined herein in the context of Formula VIII; each m
is independently an integer selected over the range of 1 to 10;
and each n is independently an integer selected over the range
of 0 to 10.

NHy,
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In certain embodiments, Base is

X

T,
L,

each Y is independently fluoro, acetoxyl, or hydroxyl; X is
methoxyl; and each Z is—(CR,),,S—S(CR,),,OH wherein R
is as defined herein in the context of Formula VIII; and each
m is independently an integer selected over the range of 1 to
10. In certain embodiments, each Y is independently fluoro,
acetoxyl, or hydroxyl; X is methoxyl; and each Z is —(CR,),,
NRC(O)O(CR,),,CR;; wherein R is as defined herein in the
context of Formula VIII; each m is independently an integer
selected over the range of 1 to 10; and each n is independently
an integer selected over the range of 0 to 10.
In certain embodiments, Base is

NH,,

X

T
L,

each Y is independently fluoro, acetoxyl, or hydroxyl; X is
methoxyl; and each Z is

NH,,

‘n,,

wherein B is as defined in the context of Formula VIII. In
certain embodiments, each Y is independently fluoro,
acetoxyl, or hydroxyl; X is methoxyl; and each Z is —(CR,),,
B, wherein R and B are as defined in the context of Formula
VIII; and each n is independently an integer selected over the
range of 0 to 10.

In certain embodiments, Base is

X

(1
A

each Y is independently fluoro, acetoxyl, or hydroxyl; X is
methoxyl; and each Z is —(CR,),,NRC(O)D; wherein R and
D are as defined herein in the context of Formula VIII; and
each m is independently an integer selected over the range of
1 to 10. In certain embodiments, each Y is independently
fluoro, acetoxyl, or hydroxyl; X is methoxyl; and each Z is

NH»,
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—(CR,),,NRC(O)CH(OH)(CR,),OH; wherein R is as
defined herein in the context of Formula VIII; and each m is
independently an integer selected over the range of 1 to 10. In
certain embodiments, each Y is independently fluoro,
acetoxyl, or hydroxyl; X is methoxyl; and each Z is —(CR,),,
CR(R#)C(O)O(CR,),CR,; wherein R is as defined herein in
the context of Formula VIII; and each n is independently an
integer selected over the range of 0 to 10.

In certain embodiments, Base is

X

T
L,

eachY is independently fluoro, acetoxyl, or hydroxyl and X is
ethoxyl. In certain embodiments, each Y is independently
fluoro, acetoxyl, or hydroxyl; X is ethoxyl; and each Z is
—(CR,),,C(O)YO(CR,),,CR;; wherein R is as defined herein
in the context of Formula VIII; each m is independently an
integer selected over the range of 1 to 10; and each n is
independently an integer selected over the range of 0 to 10.
In certain embodiments, Base is

NH;,

X

T
]

each Y is independently fluoro, acetoxyl, or hydroxyl; X is
ethoxyl, and each Z is —(CR,),ArC(O)O(CR,),CR;;
wherein R and Ar are as defined herein in the context of
Formula VIII; each m is independently an integer selected
over the range of 1 to 10; and each n is independently an
integer selected over the range of 0 to 10. In certain embodi-
ments, eachY is independently fluoro, acetoxyl, or hydroxyl;
X is ethoxyl; and each Z is —CR(E)(CR,), OC(O)O(CR,),,
CR,;; wherein R and E are as defined herein in the context of
Formula VIII; and each n is independently an integer selected
over the range of 0 to 10.
In certain embodiments, Base is

NHy,

X

T
L,

each Y is independently fluoro, acetoxyl, or hydroxyl; X is
ethoxyl; and each Z is —(CR,),,SC(O)(CR,),,OH; wherein R
is as defined herein in the context of Formula VIII; and each
m is independently an integer selected over the range of 1 to
10. In certain embodiments, each Y is independently fluoro,

NH;,



US 9,296,778 B2

45
acetoxyl, or hydroxyl; X is ethoxyl; and each Z is —(CR,),,
SC(O)(CR,),,0C(O)(CR,),CR;; wherein R is as defined
herein in the context of Formula VIII; each m is indepen-
dently an integer selected over the range of 1 to 10; and each
n is independently an integer selected over the range of O to
10.
In certain embodiments, Base is

X

1L
L,

each Y is independently fluoro, acetoxyl, or hydroxyl; X is
ethoxyl; and each Z is —(CR,), S—S(CR,),,CR;; wherein R
is as defined herein in the context of Formula VIII; each m is
independently an integer selected over the range of 1 to 10;
and each n is independently an integer selected over the range
of 0 to 10.

In certain embodiments, Base is

NH,,

X

T
L,

each Y is independently fluoro, acetoxyl, or hydroxyl; X is
ethoxyl; and each Z is —(CR,),,S—S(CR,),,OH wherein R
is as defined herein in the context of Formula VIII; and each
m is independently an integer selected over the range of 1 to
10. In certain embodiments, each Y is independently fluoro,
acetoxyl, or hydroxyl; X is ethoxyl; and each Z is —(CR,),,
NRC(O)O(CR,),,CR;; wherein R is as defined herein in the
context of Formula VIII; each m is independently an integer
selected over the range of 1 to 10; and each n is independently
an integer selected over the range of 0 to 10.
In certain embodiments, Base is

NHo,

X

P
|

each Y is independently fluoro, acetoxyl, or hydroxyl; X is
ethoxyl; and each Z is

NH,,
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10

15

20

25

30

35

40

45

50

46

wherein B is as defined in the context of Formula VIII. In
certain embodiments, each Y is independently fluoro,
acetoxyl, or hydroxyl; X is ethoxyl; and each Z is —(CR,),,B,
wherein R and B are as defined in the context of Formula VIII;
and each n is independently an integer selected over the range
of 0to 10.

In certain embodiments, Base is

X

(L
NE

NH,,

each Y is independently fluoro, acetoxyl, or hydroxyl; X is
ethoxyl; and each Z is —(CR ), NRC(O)D; wherein R and D
are as defined herein in the context of Formula VIII; and each
m is independently an integer selected over the range of 1 to
10. In certain embodiments, each Y is independently fluoro,
acetoxyl, or hydroxyl; X is ethoxyl; and each Z is —(CR,),,
NRC(O)CH(OH)(CR,),OH; wherein R is as defined herein
in the context of Formula VIII; and each m is independently
an integer selected over the range of 1 to 10. In certain
embodiments, each Y is independently fluoro, acetoxyl, or
hydroxyl; X is ethoxyl; and each Z is —(CR,), CR(R*)C(O)
O(CR,),,CR;; wherein R is as defined herein in the context of
Formula VIII; and each n is independently an integer selected
over the range of 0 to 10.
In certain embodiments, Base is

X

T
e

Y is fluoro. In certain embodiments, Y is acetoxyl. In certain
embodiments, Y is hydroxyl. In certain embodiments, Y is
fluoro and each X is independently hydrogen, hydroxyl,
methoxy or ethoxy. In certain embodiments, Y is fluoro; each
X is independently hydrogen, hydroxyl, methoxy or ethoxy;
and each Z is —(CR,),,C(O)O(CR,),,CR;; wherein R is as
defined herein in the context of Formula VIII; each m is
independently an integer selected over the range of 1 to 10;
and each n is independently an integer selected over the range
of 0 to 10.
In certain embodiments, Base is

NH,,

X

T
e

NH,,

Y is fluoro; each X is independently hydrogen, hydroxyl,
methoxy or ethoxy; and each Z is —(CR,), ArC(O)O
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(CR,)—CR;; wherein R and Ar are as defined herein in the
context of Formula VIII; each m is independently an integer
selected over the range of 1 to 10; and each n is independently
an integer selected over the range of 0 to 10. In certain
embodiments, Y is fluoro; each X is independently hydrogen,
hydroxyl, methoxy or ethoxy; and each Z is —CR(E)(CR,),,
OC(O)O(CR,),,CR;; wherein R and E are as defined herein in
the context of Formula VIII; and each n is independently an
integer selected over the range of 0 to 10.
In certain embodiments, Base is

X

P
L,

NH,,

Y is fluoro; each X is independently hydrogen, hydroxyl,
methoxy or ethoxy; and each Z is —(CR,),,SC(O)(CR,),,
OH; wherein R is as defined herein in the context of Formula
VIII; and each m is independently an integer selected over the
range of 1 to 10. In certain embodiments, Y is fluoro; each X
is independently hydrogen, hydroxyl, methoxy or ethoxy;
and each 7Z is —(CR,),,SC(O)(CR,),, OC(O)(CR,),CR;;
wherein R is as defined herein in the context of Formula VIII;
each m is independently an integer selected over the range of
1 to 10; and each n is independently an integer selected over
the range of 0 to 10.
In certain embodiments, Base is

X

T
%

Y is fluoro; each X is independently hydrogen, hydroxyl,
methoxy or ethoxy; and each Z is —(CR,),,S—S(CR,),,CR;
wherein R is as defined herein in the context of Formula VIII;
each m is independently an integer selected over the range of
1 to 10; and each n is independently an integer selected over
the range of 0 to 10.

In certain embodiments, Base is

NH;,

X

(L
NE

Y is fluoro; each X is independently hydrogen, hydroxyl,
methoxy or ethoxy; and each Z is —(CR,),,,S—S(CR,),,OH
wherein R is as defined herein in the context of Formula VIII;
and each m is independently an integer selected over the range
of 1 to 10. In certain embodiments, Y is fluoro; each X is
independently hydrogen, hydroxyl, methoxy or ethoxy; and

NH,,
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each Z is —(CR,),,NRC(O)O(CR,)—CR;; wherein R is as
defined herein in the context of Formula VIII; each m is
independently an integer selected over the range of 1 to 10;
and each n is independently an integer selected over the range
of 0 to 10.

In certain embodiments, Base is
X

P
.

NH,,

Y is fluoro; each X is independently hydrogen, hydroxyl,
methoxy or ethoxy; and each Z is

,/l,

wherein B is as defined in the context of Formula VIII. In
certain embodiments, Y is fluoro; each X is independently
hydrogen, hydroxyl, methoxy or ethoxy; and each Z is
—(CR,),,B, wherein R and B are as defined in the context of
Formula VIII; and each n is independently an integer selected
over the range of 0 to 10.

In certain embodiments, Base is

X

(T
L,

Y is fluoro; each X is independently hydrogen, hydroxyl,
methoxy or ethoxy; and each Z is —(CR,),,NRC(O)D;
wherein R and D are as defined herein in the context of
Formula V1II; and each m is independently an integer selected
over the range of 1 to 10. In certain embodiments, Y is fluoro;
each X is independently hydrogen, hydroxyl, methoxy or
ethoxy; and each Z is —(CR,),, NRC(O)CH(OH)(CR,),OH;
wherein R is as defined herein in the context of Formula VIII;
and each mis independently an integer selected over the range
of 1 to 10. In certain embodiments, Y is fluoro; each X is
independently hydrogen, hydroxyl, methoxy or ethoxy; and
each Z is —(CR,),CR(R¥)C(0)O(CR,),CR,; wherein R is
as defined herein in the context of Formula VIII; and each nis
independently an integer selected over the range of 0 to 10.

NH,,
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In certain embodiments, Base is

X

T
%

NHy,

Y is acetoxyl and each X is independently hydrogen,
hydroxyl, methoxy or ethoxy. In certain embodiments, Y is
acetoxyl; each X is independently hydrogen, hydroxyl, meth-
oxy or ethoxy; and each Z is —(CR,),,C(O)O(CR,)—CR;;
wherein R is as defined herein in the context of Formula VIII;
each m is independently an integer selected over the range of
1 to 10; and each n is independently an integer selected over
the range of 0 to 10.

In certain embodiments, Base is

X

(1
L,

NH,,

Y is acetoxyl; each X is independently hydrogen, hydroxyl,
methoxy or ethoxy; and each Z is —(CR,), ArC(O)O
(CR,)—CR,; wherein R and Ar are as defined herein in the
context of Formula VIII; each m is independently an integer
selected over the range of 1 to 10; and each n is independently
an integer selected over the range of 0 to 10. In certain
embodiments, Y is acetoxyl; each X is independently hydro-
gen, hydroxyl, methoxy or ethoxy; and each Z is —CR(E)
(CR,), OC(O)O(CR,)—CR;; wherein R and E are as defined
herein in the context of Formula VIII; and each n is indepen-
dently an integer selected over the range of O to 10.

In certain embodiments, Base is

X

P
L,

NH,,

Y is acetoxyl; each X is independently hydrogen, hydroxyl,
methoxy or ethoxy; and each Z is —(CR,),,SC(O)(CR,),,
OH; wherein R is as defined herein in the context of Formula
VIII; and each m is independently an integer selected over the
range of 1 to 10. In certain embodiments, Y is acetoxyl; each
X is independently hydrogen, hydroxyl, methoxy or ethoxy;
and each Z is —(CR,),,SC(O)(CR,),,OC(O)(CR,),CR;;
wherein R is as defined herein in the context of Formula VIII;
each m is independently an integer selected over the range of
1 to 10; and each n is independently an integer selected over
the range of 0 to 10.
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In certain embodiments, Base is

X

T
A

NH,,

Y is acetoxyl; each X is independently hydrogen, hydroxyl,
methoxy or ethoxy; and each Z is —(CR,),,S—S(CR,),CR;
wherein R is as defined herein in the context of Formula VIII;
each m is independently an integer selected over the range of
1 to 10; and each n is independently an integer selected over
the range of 0 to 10.

In certain embodiments, Base is

X

P
]

Y is acetoxyl; each X is independently hydrogen, hydroxyl,
methoxy or ethoxy; and each Z is —(CR,),,S—S(CR,),,OH
wherein R is as defined herein in the context of Formula VIII;
and each mis independently an integer selected over the range
of'1 to 10. In certain embodiments, Y is acetoxyl; each X is
independently hydrogen, hydroxyl, methoxy or ethoxy; and
each Z is —(CR,),,NRC(O)O(CR,)—CR;; wherein R is as
defined herein in the context of Formula VIII; each m is
independently an integer selected over the range of 1 to 10;
and each n is independently an integer selected over the range
of 0 to 10.
In certain embodiments, Base is

NHy,

X

T
L,

Y is acetoxyl; each X is independently hydrogen, hydroxyl,
methoxy or ethoxy; and each Z is

NH,,

4y, s

wherein B is as defined in the context of Formula VIII. In
certain embodiments, Y is acetoxyl; each X is independently
hydrogen, hydroxyl, methoxy or ethoxy; and each Z is
—(CR,),B, wherein R and B are as defined in the context of
Formula VIII; and each n is independently an integer selected
over the range of 0 to 10.
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In certain embodiments, Base is

X

P
~d,

Y is acetoxyl; each X is independently hydrogen, hydroxyl,
methoxy or ethoxy; and each Z is —(CR,),,NRC(O)D;
wherein R and D are as defined herein in the context of
Formula VIII; and each mis independently an integer selected
over the range of 1 to 10. In certain embodiments, Y is
acetoxyl; each X is independently hydrogen, hydroxyl, meth-
oxy or ethoxy; and each Z is —(CR,), NRC(O)CH(OH)
(CR,),0OH; wherein R is as defined herein in the context of
Formula VIII; and each mis independently an integer selected
over the range of 1 to 10. In certain embodiments, Y is
acetoxyl; each X is independently hydrogen, hydroxyl, meth-
oxy or ethoxy; and each Z is —(CR.,),,CR(R*)C(O)YO(CR,),
CR;; wherein R is as defined herein in the context of Formula
VIII; and each n is independently an integer selected over the
range of 0 to 10.
In certain embodiments, Base is

NHo,

X

P
L,

Y is hydroxyl and each X is independently hydrogen,
hydroxyl, methoxy or ethoxy. In certain embodiments, Y is
hydroxyl; each X is independently hydrogen, hydroxyl,
methoxy or ethoxy; and each Z is —(CR,),,C(O)O(CR,)—
CR;; wherein R is as defined herein in the context of Formula
VIII; each m is independently an integer selected over the
range of 1 to 10; and each n is independently an integer
selected over the range of 0 to 10.

In certain embodiments, Base is

NH,,

X

T
A

Y is hydroxyl; each X is independently hydrogen, hydroxyl,
methoxy or ethoxy; and each Z is —(CR,), ArC(O)O
(CR,)—CR;; wherein R and Ar are as defined herein in the
context of Formula VIII; each m is independently an integer
selected over the range of 1 to 10; and each n is independently
an integer selected over the range of 0 to 10. In certain
embodiments, Y is hydroxyl; each X is independently hydro-
gen, hydroxyl, methoxy or ethoxy; and each Z is —CR(E)
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(CR,), OC(O)O(CR,)—CR;; wherein R and E are as defined
herein in the context of Formula VIII; and each n is indepen-
dently an integer selected over the range of 0 to 10.
In certain embodiments, Base is

X

P
o,

Y is hydroxyl; each X is independently hydrogen, hydroxyl,
methoxy or ethoxy; and each Z is —(CR,),,SC(O)(CR,),,
OH; wherein R is as defined herein in the context of Formula
VI1II; and each m is independently an integer selected over the
range of 1 to 10. In certain embodiments, Y is hydroxyl; each
X is independently hydrogen, hydroxyl, methoxy or ethoxy;
and each Z is —(CR,),,SC(O)(CR,),,0C(O)(CR,),CR;;
wherein R is as defined herein in the context of Formula VIII;
each m is independently an integer selected over the range of
1 to 10; and each n is independently an integer selected over
the range of 0 to 10.
In certain embodiments, Base is

NHy,

X

T
L,

Y is hydroxyl; each X is independently hydrogen, hydroxyl,
methoxy or ethoxy; and each Z is —(CR,), S—S(CR,),,CR;
wherein R is as defined herein in the context of Formula VIII;
each m is independently an integer selected over the range of
1 to 10; and each n is independently an integer selected over
the range of 0 to 10.

In certain embodiments, Base is

NH;,

X

T
L,

Y is hydroxyl; each X is independently hydrogen, hydroxyl,
methoxy or ethoxy; and each Z is —(CR,),,S—S(CR,),,OH
wherein R is as defined herein in the context of Formula VIII;
and each mis independently an integer selected over the range
of'1 to 10. In certain embodiments, Y is hydroxyl; each X is
independently hydrogen, hydroxyl, methoxy or ethoxy; and
each Z is —(CR,),,NRC(O)O(CR,)—CR;; wherein R is as
defined herein in the context of Formula VIII; each m is
independently an integer selected over the range of 1 to 10;
and each n is independently an integer selected over the range
of 0 to 10.

NHy,
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In certain embodiments, Base is
X
N X
N
F
N N NH,,
% 10

Y is hydroxyl; each X is independently hydrogen, hydroxyl,
methoxy or ethoxy; and each Z is
15

‘n,,

20

wherein B is as defined in the context of Formula VIII. In
certain embodiments, Y is hydroxyl; each X is independently
hydrogen, hydroxyl, methoxy or ethoxy; and each Z is

—(CR,),,B, wherein R and B are as defined in the context of 0 NH,
Formula VIII; and each n is independently an integer selected CH;
over the range of 0 to 10. )\

In certain embodiments, Base is o CH;

30 o

(1b)

35

45

2
50 CH;

Y is hydroxyl; each X is independently hydrogen, hydroxyl,

methoxy or ethoxy; and each Z is —(CR,),,NRC(O)D;

wherein R and D are as defined herein in the context of N O
Formula VIII; and each mis independently an integer selected 7

over the range of 1 to 10. In certain embodiments, Y is 5 (
hydroxyl; each X is independently hydrogen, hydroxyl, 0O N
methoxy or ethoxy; and each Z is —(CR,),,NRC(O)CH(OH) o N
(CR,),0OH; wherein R is as defined herein in the context of \ j — NH,
Formula VIII; and each mis independently an integer selected
over the range of 1 to 10. In certain embodiments, Y is 3

hydroxyl; each X is independently hydrogen, hydroxyl, © %
methoxy or ethoxy; and each Z is —(CR,),CR(R*)C(0)O
(CR,),,CR;; wherein R is as defined herein in the context of
Formula VIII; and each n is independently an integer selected CH;

over the range of 0 to 10. 65 /<

In certain embodiments, provided herein are compounds O O CH;
according to any of formulas 1-67b:
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or pharmaceutically acceptable salts, solvates, stereoisomeric

forms, tautomeric forms or polymorphic forms thereof.
In some embodiments, provided herein are:

(a) compounds as described herein, e.g., of Formula I-IXe or
1-67b, and pharmaceutically acceptable salts and compo-
sitions thereof;

(b) compounds as described herein, e.g., of Formula I-IXe or
1-67b, and pharmaceutically acceptable salts and compo-
sitions thereof for use in the treatment and/or prophylaxis
of a liver disorder including Flaviviridae infection, espe-
cially in individuals diagnosed as having a Flaviviridae
infection or being at risk of becoming infected by hepatitis
G

(c) processes for the preparation of compounds as described
herein, e.g., of Formula I-IXe or 1-67b, as described in
more detail elsewhere herein;

(d) pharmaceutical formulations comprising a compound as
described herein, e.g., of Formula I-IXe or 1-67b, or a
pharmaceutically acceptable salt thereof together with a
pharmaceutically acceptable carrier or diluent;

(e) pharmaceutical formulations comprising a compound as
described herein, e.g., of Formula I-IXe or 1-67b, or a
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pharmaceutically acceptable salt thereof together with one

or more other effective anti-HCV agents, optionally in a

pharmaceutically acceptable carrier or diluent;

() a method for the treatment and/or prophylaxis of a host
infected with Flaviviridae that includes the administration
of an effective amount of a compound as described herein,
e.g., of Formula I-IXe or 1-67b, its pharmaceutically
acceptable salt or composition; or

(g) a method for the treatment and/or prophylaxis of a host
infected with Flaviviridae that includes the administration
of an effective amount of a compounds as described herein,
e.g., of Formula I-IXe or 1-67b, its pharmaceutically
acceptable salt or composition in combination and/or alter-
nation with one or more effective anti-HCV agent.

Optically Active Compounds
It is appreciated that compounds provided herein have

several chiral centers and may exist in and be isolated in

optically active and racemic forms. Some compounds may
exhibit polymorphism. It is to be understood that any racemic,
optically-active, diastereomeric, polymorphic, or stereoiso-
meric form, or mixtures thereof, of a compound provided
herein, which possess the useful properties described herein
is within the scope of the invention. It being well known in the
art how to prepare optically active forms (for example, by
resolution of the racemic form by recrystallization tech-
niques, by synthesis from optically-active starting materials,

by chiral synthesis, or by chromatographic separation using a

chiral stationary phase).

In particular, since the 1' and 4' carbons of a nucleoside are
chiral, their non-hydrogen substituents (the base and the
CHOR groups, respectively) can be either cis (on the same
side) or trans (on opposite sides) with respect to the sugar ring
system. The four optical isomers therefore are represented by
the following configurations (when orienting the sugar moi-
ety in a horizontal plane such that the oxygen atom is in the
back): cis (with both groups “up”, which corresponds to the
configuration of naturally occurring $-D nucleosides), cis
(with both groups “down”, which is a non-naturally occurring
p-L configuration), trans (with the C2' substituent “up” and
the C4' substituent “down”), and trans (with the C2' substitu-
ent “down” and the C4' substituent “up”). The “D-nucleo-
sides” are cis nucleosides in a natural configuration and the
“L-nucleosides™ are cis nucleosides in the non-naturally
occurring configuration.

Likewise, most amino acids are chiral (designated as L. or
D, wherein the L. enantiomer is the naturally occurring con-
figuration) and can exist as separate enantiomers.

Examples of methods to obtain optically active materials
are known in the art, and include at least the following.

i) physical separation of crystals—a technique whereby
macroscopic crystals of the individual enantiomers are
manually separated. This technique can be used if crys-
tals of the separate enantiomers exist, i.e., the material is
a conglomerate, and the crystals are visually distinct;

ii) simultaneous crystallization—a technique whereby the
individual enantiomers are separately crystallized from
a solution of the racemate, possible only if the latter is a
conglomerate in the solid state;

iii) enzymatic resolutions—a technique whereby partial or
complete separation of a racemate by virtue of differing
rates of reaction for the enantiomers with an enzyme;

iv) enzymatic asymmetric synthesis—a synthetic tech-
nique whereby at least one step of the synthesis uses an
enzymatic reaction to obtain an enantiomerically pure or
enriched synthetic precursor of the desired enantiomer;

v) chemical asymmetric synthesis—a synthetic technique
whereby the desired enantiomer is synthesized from an
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achiral precursor under conditions that produce asym-
metry (i.e., chirality) in the product, which may be
achieved using chiral catalysts or chiral auxiliaries;

vi) diastereomer separations—a technique whereby a race-
mic compound is reacted with an enantiomerically pure
reagent (the chiral auxiliary) that converts the individual
enantiomers to diastereomers. The resulting diastere-
omers are then separated by chromatography or crystal-
lization by virtue of their now more distinct structural
differences and the chiral auxiliary later removed to
obtain the desired enantiomer;

vii) first- and second-order asymmetric transforma-
tions—a technique whereby diastercomers from the
racemate equilibrate to yield a preponderance in solu-
tion of the diastereomer from the desired enantiomer or
where preferential crystallization of the diastereomer
from the desired enantiomer perturbs the equilibrium
such that eventually in principle all the material is con-
verted to the crystalline diastereomer from the desired
enantiomer. The desired enantiomer is then released
from the diastereomer;

viil) kinetic resolutions—this technique refers to the
achievement of partial or complete resolution of a race-
mate (or of a further resolution of a partially resolved
compound) by virtue of unequal reaction rates of the
enantiomers with a chiral, non-racemic reagent or cata-
lyst under kinetic conditions;

ix) enantiospecific synthesis from non-racemic precur-
sors—a synthetic technique whereby the desired enan-
tiomer is obtained from non-chiral starting materials and
where the stereochemical integrity is not or is only mini-
mally compromised over the course of the synthesis;

x) chiral liquid chromatography—a technique whereby the
enantiomers of a racemate are separated in a liquid
mobile phase by virtue of their differing interactions
with a stationary phase. The stationary phase can be
made of chiral material or the mobile phase can contain
an additional chiral material to provoke the differing
interactions;

xi) chiral gas chromatography—a technique whereby the
racemate is volatilized and enantiomers are separated by
virtue of their differing interactions in the gaseous
mobile phase with a column containing a fixed non-
racemic chiral adsorbent phase;

xii) extraction with chiral solvents—a technique whereby
the enantiomers are separated by virtue of preferential
dissolution of one enantiomer into a particular chiral
solvent;

xiil) transport across chiral membranes—a technique
whereby a racemate is placed in contact with a thin
membrane barrier. The barrier typically separates two
miscible fluids, one containing the racemate, and a driv-
ing force such as concentration or pressure differential
causes preferential transport across the membrane bar-
rier. Separation occurs as a result of the non-racemic
chiral nature of the membrane which allows only one
enantiomer of the racemate to pass through.

In some embodiments, compositions of 3',5'-cyclic phos-
phate prodrug compounds that are substantially free of a
designated enantiomer of that compound. In certain embodi-
ments, in the methods and compounds of this invention, the
compounds are substantially free of enantiomers. In some
embodiments, the composition includes that includes a com-
pound that is at least 85, 90%, 95%, 98%, 99% to 100% by
weight, of the compound, the remainder comprising other
chemical species or enantiomers.
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Isotopically Enriched Compounds

Also provided herein are isotopically enriched com-
pounds, including but not limited to isotopically enriched
3" 5'-cyclic phosphate prodrug compounds.

Isotopic enrichment (for example, deuteration) of pharma-
ceuticals to improve pharmacokinetics (“PK”), pharmacody-
namics (“PD”), and toxicity profiles, has been demonstrated
previously with some classes of drugs. See, for example,
Lijinsky et. al., Food Cosmet. Toxicol., 20: 393 (1982); Lijin-
sky et. al., J. Nat. Cancer Inst., 69: 1127 (1982); Mangold et.
al., Mutation Res. 308: 33 (1994); Gordon et. al., Drug Metab.
Dispos., 15: 589 (1987); Zello et. al., Metabolism, 43: 487
(1994); Gately et. al., J. Nucl. Med., 27: 388 (1986); Wade D,
Chem. Biol. Interact. 117: 191 (1999).

Isotopic enrichment of a drug can be used, for example, to
(1) reduce or eliminate unwanted metabolites, (2) increase the
half-life of the parent drug, (3) decrease the number of doses
needed to achieve a desired effect, (4) decrease the amount of
a dose necessary to achieve a desired effect, (5) increase the
formation of active metabolites, if any are formed, and/or (6)
decrees the production of deleterious metabolites in specific
tissues and/or create a more effective drug and/or a safer drug
for combination therapy, whether the combination therapy is
intentional or not.

Replacement of an atom for one of its isotopes often will
result in a change in the reaction rate of a chemical reaction.
This phenomenon is known as the Kinetic Isotope Effect
(“KIE”). For example, if a C—H bond is broken during a
rate-determining step in a chemical reaction (i.e. the step with
the highest transition state energy), substitution of a deute-
rium for that hydrogen will cause a decrease in the reaction
rate and the process will slow down. This phenomenon is
known as the Deuterium Kinetic Isotope Effect (“DKIE”).
(See, e.g., Foster et al., Adv. Drug Res., vol. 14, pp. 1-36
(1985); Kushner et al., Can. J. Physiol. Pharmacol., vol. 77,
pp. 79-88 (1999)).

The magnitude of the DKIE can be expressed as the ratio
between the rates of a given reaction in which a C—H bond is
broken, and the same reaction where deuterium is substituted
for hydrogen. The DKIE can range from about 1 (no isotope
effect) to very large numbers, such as 50 or more, meaning
that the reaction can be fifty, or more, times slower when
deuterium is substituted for hydrogen. High DKIE values
may be due in part to a phenomenon known as tunneling,
which is a consequence of the uncertainty principle. Tunnel-
ing is ascribed to the small mass of a hydrogen atom, and
occurs because transition states involving a proton can some-
times form in the absence of the required activation energy.
Because deuterium has more mass than hydrogen, it statisti-
cally has a much lower probability of undergoing this phe-
nomenon.

Tritium (“T”) is a radioactive isotope of hydrogen, used in
research, fusion reactors, neutron generators and radiophar-
maceuticals. Tritium is a hydrogen atom that has 2 neutrons in
the nucleus and has an atomic weight close to 3. It occurs
naturally in the environment in very low concentrations, most
commonly found as T,O. Tritium decays slowly (half-
life=12.3 years) and emits a low energy beta particle that
cannot penetrate the outer layer of human skin. Internal expo-
sure is the main hazard associated with this isotope, yet it
must be ingested in large amounts to pose a significant health
risk. As compared with deuterium, a lesser amount of tritium
must be consumed before it reaches a hazardous level. Sub-
stitution of trittum (“T””) for hydrogen results in yet a stronger
bond than deuterium and gives numerically larger isotope
effects. Similarly, substitution of isotopes for other elements,
including, but not limited to, **C or **C for carbon, **S, **S,
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or>%S for sulfur, >N for nitrogen, and 'O or *®0 for oxygen, -continued
may lead to a similar kinetic isotope effect. X 1) Pyridine
For example, the DKIE was used to decrease the hepato- Tetrazole .0-415M

sl EINE : in acetonitrile
t0x101ty.0f halthane by pregumably limiting the production s N Ny Intormediate 1
of reactive species such as trifluoroacetyl chloride. However, </ | 0° C-RT
this method may not be applicable to all drug classes. For )\ 2) tBuOOH RT

example, deuterium incorporation can lead to metabolic H
switching. The concept of metabolic switching asserts that
xenogens, when sequestered by Phase I enzymes, may bind
transiently and re-bind in a variety of conformations prior to
the chemical reaction (e.g., oxidation). This hypothesis is X
supported by the relatively vast size of binding pockets in
many Phase [ enzymes and the promiscuous nature of many
metabolic reactions. Metabolic switching can potentially lead 15
to different proportions of known metabolites as well as alto-
gether new metabolites. This new metabolic profile may
impart more or less toxicity.

NH,

The animal body expresses a variety of enzymes for the

Lo . 20
purpose of eliminating foreign substances, such as therapeu-
tic agents, from its circulation system. Examples of such
enzymes include the cytochrome P450 enzymes (“CYPs”), Compound 1: above
esterases, proteases, reductases, dehydrogenases, and Compound 1a: Diastereomer 1
monoamine oxidases, to react with and convert these foreign 5 Compound 1b: Diastereomer 2

substances to more polar intermediates or metabolites for
renal excretion. Some of the most common metabolic reac-
tions of pharmaceutical compounds involve the oxidation of
a carbon-hydrogen (C—H) bond to either a carbon-oxygen
(C—0) or carbon-carbon (C—C) pi-bond. The resultant 30

metabolites may be stable or unstable under physiological Scheme 1b

cogditions, and can haV.e substantially different pharmac.ol.d- 1) POCl, THE
netic, pharmacodynamic, and acute and long-term toxicity x 0°C. to RT
profiles relative to the parent compounds. For many drugs, N 2) ZOH, TEA,
such oxidations are rapid. These drugs therefore often require 35 ( N\ CH;CN 0° C.
the administration of multiple or high daily doses. / N 3) NMI

—_—

O N
Therefore, isotopic enrichment at certain positions of a HO N or
compound provided herein will produce a detectable KIE that CH; N, D FPOOED;,

will affect the pharmacokinetic, pharmacologic, and/or toxi- 4, § ) CH;CN, TEA
cological profiles of a compound provided herein in compari- HO Y E-4
son with a similar compound having a natural isotopic com- 2 0;(;'[1
position.

Preparation of Compounds N X

The compounds provided herein can be prepared, isolated * (/ N S&f})
or obtained by any method apparent to those of skill in the art. o \ / N CHyCN
Exemplary methods of preparation are described in detail in o 44 —
the examples below. In certain embodiments, compounds / /\chs N NI
provided herein can be prepared according to either of 5, 0= /P\ < % z
Schemes 1a and 1b: 3 o Y

Z/

Scheme la
55 X

< 1) E,0 _< (

Et;N 4< o / Ny
N—< 7-OH N
/ — 72—0— P 60 O/\g Né(
a—% \ \/ ot \_ [mcH; NH,

Intermediate 1 65 X
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0 1) SOCl, o
iPrOH al |

2) PD(OH), P—Cl +

iPrOH

HO n OBn

n=1or2 cl

CH,Cly [@]

TEA
Z/OH _TEA L

E-3
E-4

In certain embodiments, one or more protection or depro-
tection steps may be included in the methods of preparation
described in Scheme 1.

Pharmaceutical Compositions and Methods of Adminis-
tration

3'5'-cyclic phosphate prodrug compounds can be formu-
lated into pharmaceutical compositions using methods avail-
able in the art and those disclosed herein. Any of the com-
pounds disclosed herein can be provided in the appropriate
pharmaceutical composition and be administered by a suit-
able route of administration.

The methods provided herein encompass administering
pharmaceutical compositions containing at least one com-
pound as described herein, including a compound of Formula
I-IXe or 1-67b, if appropriate in the salt form, either used
alone or in the form of a combination with one or more
compatible and pharmaceutically acceptable carriers, such as
diluents or adjuvants, or with another anti-HCV agent.

In certain embodiments, the second agent can be formu-
lated or packaged with the compound provided herein. Of
course, the second agent will only be formulated with the
compound provided herein when, according to the judgment
of those of skill in the art, such co-formulation should not
interfere with the activity of either agent or the method of
administration. In certain embodiments, the compound pro-
vided herein and the second agent are formulated separately.
They can be packaged together, or packaged separately, for
the convenience of the practitioner of skill in the art.

In clinical practice the active agents provided herein may
be administered by any conventional route, in particular
orally, parenterally, rectally or by inhalation (e.g. in the form
of'aerosols). In certain embodiments, the compound provided
herein is administered orally.

Use may be made, as solid compositions for oral adminis-
tration, of tablets, pills, hard gelatin capsules, powders or
granules. In these compositions, the active product is mixed
with one or more inert diluents or adjuvants, such as sucrose,
lactose or starch.

These compositions can comprise substances other than
diluents, for example a lubricant, such as magnesium stearate,
or a coating intended for controlled release.

Use may be made, as liquid compositions for oral admin-
istration, of solutions which are pharmaceutically acceptable,
suspensions, emulsions, syrups and elixirs containing inert
diluents, such as water or liquid paraffin. These compositions
can also comprise substances other than diluents, for example
wetting, sweetening or flavoring products.

The compositions for parenteral administration can be
emulsions or sterile solutions. Use may be made, as solvent or
vehicle, of propylene glycol, a polyethylene glycol, vegetable
oils, in particular olive oil, or injectable organic esters, for
example ethyl oleate. These compositions can also contain
adjuvants, in particular wetting, isotonizing, emulsitying,
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dispersing and stabilizing agents. Sterilization can be carried
out in several ways, for example using a bacteriological filter,
by radiation or by heating. They can also be prepared in the
form of sterile solid compositions which can be dissolved at
the time of use in sterile water or any other injectable sterile
medium.

The compositions for rectal administration are supposito-
ries or rectal capsules which contain, in addition to the active
principle, excipients such as cocoa butter, semi-synthetic
glycerides or polyethylene glycols.

The compositions can also be aerosols. For use in the form
ofliquid aerosols, the compositions can be stable sterile solu-
tions or solid compositions dissolved at the time of use in
apyrogenic sterile water, in saline or any other pharmaceuti-
cally acceptable vehicle. For use in the form of dry aerosols
intended to be directly inhaled, the active principle is finely
divided and combined with a water-soluble solid diluent or
vehicle, for example dextran, mannitol or lactose.

In certain embodiments, a composition provided herein is
a pharmaceutical composition or a single unit dosage form.
Pharmaceutical compositions and single unit dosage forms
provided herein comprise a prophylactically or therapeuti-
cally effective amount of one or more prophylactic or thera-
peutic agents (e.g., a compound provided herein, or other
prophylactic or therapeutic agent), and a typically one or
more pharmaceutically acceptable carriers or excipients. In a
specific embodiment and in this context, the term “pharma-
ceutically acceptable” means approved by a regulatory
agency of the Federal or a state government or listed in the
U.S. Pharmacopeia or other generally recognized pharma-
copeia for use in animals, and more particularly in humans.
Theterm “carrier” includes a diluent, adjuvant (e.g., Freund’s
adjuvant (complete and incomplete)), excipient, or vehicle
with which the therapeutic is administered. Such pharmaceu-
tical carriers can be sterile liquids, such as water and oils,
including those of petroleum, animal, vegetable or synthetic
origin, such as peanut oil, soybean oil, mineral oil, sesame oil
and the like. Water can be used as a carrier when the pharma-
ceutical composition is administered intravenously. Saline
solutions and aqueous dextrose and glycerol solutions can
also be employed as liquid carriers, particularly for injectable
solutions. Examples of suitable pharmaceutical carriers are
described in “Remington’s Pharmaceutical Sciences” by E.
W. Martin.

Typical pharmaceutical compositions and dosage forms
comprise one or more excipients. Suitable excipients are
well-known to those skilled in the art of pharmacy, and non-
limiting examples of suitable excipients include starch, glu-
cose, lactose, sucrose, gelatin, malt, rice, flour, chalk, silica
gel, sodium stearate, glycerol monostearate, talc, sodium
chloride, dried skim milk, glycerol, propylene, glycol, water,
ethanol and the like. Whether a particular excipient is suitable
for incorporation into a pharmaceutical composition or dos-
age form depends on a variety of factors well known in the art
including, but not limited to, the way in which the dosage
form will be administered to a subject and the specific active
ingredients in the dosage form. The composition or single
unit dosage form, if desired, can also contain minor amounts
of wetting or emulsifying agents, or pH buffering agents.

Lactose free compositions provided herein can comprise
excipients that are well known in the art and are listed, for
example, in the U.S. Pharmocopia (USP) SP (XXI)/NF
(XVI). In general, lactose free compositions comprise an
active ingredient, a binder/filler, and a lubricant in pharma-
ceutically compatible and pharmaceutically acceptable
amounts. Exemplary lactose free dosage forms comprise an
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active ingredient, microcrystalline cellulose, pre gelatinized
starch, and magnesium stearate.

Further encompassed herein are anhydrous pharmaceuti-
cal compositions and dosage forms comprising active ingre-
dients, since water can facilitate the degradation of some
compounds. For example, the addition of water (e.g., 5%) is
widely accepted in the pharmaceutical arts as a means of
simulating long term storage in order to determine character-
istics such as shelf life or the stability of formulations over
time. See, e.g., Jens T. Carstensen, Drug Stability: Principles
& Practice, 2d. Ed., Marcel Dekker, NY, N.Y., 1995, pp. 379
80. In effect, water and heat accelerate the decomposition of
some compounds. Thus, the effect of water on a formulation
can be of great significance since moisture and/or humidity
are commonly encountered during manufacture, handling,
packaging, storage, shipment, and use of formulations.

Anhydrous pharmaceutical compositions and dosage
forms provided herein can be prepared using anhydrous or
low moisture containing ingredients and low moisture or low
humidity conditions. Pharmaceutical compositions and dos-
age forms that comprise lactose and at least one active ingre-
dient that comprises a primary or secondary amine can be
anhydrous if substantial contact with moisture and/or humid-
ity during manufacturing, packaging, and/or storage is
expected.

An anhydrous pharmaceutical composition should be pre-
pared and stored such that its anhydrous nature is maintained.
Accordingly, anhydrous compositions can be packaged using
materials known to prevent exposure to water such that they
can be included in suitable formulary kits. Examples of suit-
able packaging include, but are not limited to, hermetically
sealed foils, plastics, unit dose containers (e.g., vials), blister
packs, and strip packs.

Further provided are pharmaceutical compositions and
dosage forms that comprise one or more compounds that
reduce the rate by which an active ingredient will decompose.
Such compounds, which are referred to herein as “stabiliz-
ers,” include, but are not limited to, antioxidants such as
ascorbic acid, pH buffers, or salt buffers.

The pharmaceutical compositions and single unit dosage
forms can take the form of solutions, suspensions, emulsion,
tablets, pills, capsules, powders, sustained-release formula-
tions and the like. Oral formulation can include standard
carriers such as pharmaceutical grades of mannitol, lactose,
starch, magnesium stearate, sodium saccharine, cellulose,
magnesium carbonate, etc. Such compositions and dosage
forms will contain a prophylactically or therapeutically effec-
tive amount of a prophylactic or therapeutic agent, in certain
embodiments, in purified form, together with a suitable
amount of carrier so as to provide the form for proper admin-
istration to the subject. The formulation should suit the mode
of administration. In a certain embodiment, the pharmaceu-
tical compositions or single unit dosage forms are sterile and
in suitable form for administration to a subject, for example,
an animal subject, such as a mammalian subject, for example,
a human subject.

A pharmaceutical composition is formulated to be compat-
ible with its intended route of administration. Examples of
routes of administration include, but are not limited to,
parenteral, e.g., intravenous, intradermal, subcutaneous,
intramuscular, subcutaneous, oral, buccal, sublingual, inha-
lation, intranasal, transdermal, topical, transmucosal, intra-
tumoral, intra-synovial and rectal administration. In a specific
embodiment, the composition is formulated in accordance
with routine procedures as a pharmaceutical composition
adapted for intravenous, subcutaneous, intramuscular, oral,
intranasal or topical administration to human beings. In an
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embodiment, a pharmaceutical composition is formulated in
accordance with routine procedures for subcutaneous admin-
istration to human beings. Typically, compositions for intra-
venous administration are solutions in sterile isotonic aque-
ous buffer. Where necessary, the composition may also
include a solubilizing agent and a local anesthetic such as
lignocamne to ease pain at the site of the injection.

Examples of dosage forms include, but are not limited to:
tablets; caplets; capsules, such as soft elastic gelatin capsules;
cachets; troches; lozenges; dispersions; suppositories; oint-
ments; cataplasms (poultices); pastes; powders; dressings;
creams; plasters; solutions; patches; aerosols (e.g., nasal
sprays or inhalers); gels; liquid dosage forms suitable for oral
or mucosal administration to a subject, including suspensions
(e.g., aqueous or non-aqueous liquid suspensions, oil in water
emulsions, or a water in oil liquid emulsions), solutions, and
elixirs; liquid dosage forms suitable for parenteral adminis-
tration to a subject; and sterile solids (e.g., crystalline or
amorphous solids) that can be reconstituted to provide liquid
dosage forms suitable for parenteral administration to a sub-
ject.

The composition, shape, and type of dosage forms pro-
vided herein will typically vary depending on their use. For
example, a dosage form used in the initial treatment of viral
infection may contain larger amounts of one or more of the
active ingredients it comprises than a dosage form used in the
maintenance treatment of the same infection. Similarly, a
parenteral dosage form may contain smaller amounts of one
or more of the active ingredients it comprises than an oral
dosage form used to treat the same disease or disorder. These
and other ways in which specific dosage forms encompassed
herein will vary from one another will be readily apparent to
those skilled in the art. See, e.g., Remington’s Pharmaceutical
Sciences, 20th ed., Mack Publishing, Easton Pa. (2000).

Generally, the ingredients of compositions are supplied
either separately or mixed together in unit dosage form, for
example, as a dry lyophilized powder or water free concen-
trate in a hermetically sealed container such as an ampoule or
sachette indicating the quantity of active agent. Where the
composition is to be administered by infusion, it can be dis-
pensed with an infusion bottle containing sterile pharmaceu-
tical grade water or saline. Where the composition is admin-
istered by injection, an ampoule of sterile water for injection
or saline can be provided so that the ingredients may be mixed
prior to administration.

Typical dosage forms comprise a compound provided
herein, or a pharmaceutically acceptable salt, solvate or
hydrate thereof lie within the range of from about 0.1 mg to
about 1000 mg per day, given as a single once-a-day dose in
the morning or as divided doses throughout the day taken with
food. Particular dosage forms can have about 0.1, 0.2, 0.3,
04,0.5,1.0, 2.0, 2.5, 5.0, 10.0, 15.0, 20.0, 25.0, 50.0, 100,
200, 250, 500 or 1000 mg of the active compound.

Oral Dosage Forms

Pharmaceutical compositions that are suitable for oral
administration can be presented as discrete dosage forms,
such as, but are not limited to, tablets (e.g., chewable tablets),
caplets, capsules, and liquids (e.g., flavored syrups). Such
dosage forms contain predetermined amounts of active ingre-
dients, and may be prepared by methods of pharmacy well
known to those skilled in the art. See generally, Remington’s
Pharmaceutical Sciences, 20th ed., Mack Publishing, Easton
Pa. (2000).

In certain embodiments, the oral dosage forms are solid
and prepared under anhydrous conditions with anhydrous
ingredients, as described in detail herein. However, the scope
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of the compositions provided herein extends beyond anhy-
drous, solid oral dosage forms. As such, further forms are
described herein.

Typical oral dosage forms are prepared by combining the
active ingredient(s) in an intimate admixture with at least one
excipient according to conventional pharmaceutical com-
pounding techniques. Excipients can take a wide variety of
forms depending on the form of preparation desired for
administration. For example, excipients suitable for use in
oral liquid or aerosol dosage forms include, but are not limited
to, water, glycols, oils, alcohols, flavoring agents, preserva-
tives, and coloring agents. Examples of excipients suitable for
use in solid oral dosage forms (e.g., powders, tablets, cap-
sules, and caplets) include, but are not limited to, starches,
sugars, micro crystalline cellulose, diluents, granulating
agents, lubricants, binders, and disintegrating agents.

Because of their ease of administration, tablets and cap-
sules represent the most advantageous oral dosage unit forms,
in which case solid excipients are employed. If desired, tab-
lets can be coated by standard aqueous or non-aqueous tech-
niques. Such dosage forms can be prepared by any of the
methods of pharmacy. In general, pharmaceutical composi-
tions and dosage forms are prepared by uniformly and inti-
mately admixing the active ingredients with liquid carriers,
finely divided solid carriers, or both, and then shaping the
product into the desired presentation if necessary.

For example, a tablet can be prepared by compression or
molding. Compressed tablets can be prepared by compress-
ing in a suitable machine the active ingredients in a free
flowing form such as powder or granules, optionally mixed
with an excipient. Molded tablets can be made by molding in
a suitable machine a mixture of the powdered compound
moistened with an inert liquid diluent.

Examples of excipients that can be used in oral dosage
forms include, but are not limited to, binders, fillers, disinte-
grants, and lubricants. Binders suitable for use in pharmaceu-
tical compositions and dosage forms include, but are not
limited to, corn starch, potato starch, or other starches, gela-
tin, natural and synthetic gums such as acacia, sodium algi-
nate, alginic acid, other alginates, powdered tragacanth, guar
gum, cellulose and its derivatives (e.g., ethyl cellulose, cellu-
lose acetate, carboxymethyl cellulose calcium, sodium car-
boxymethyl cellulose), polyvinyl pyrrolidone, methyl cellu-
lose, pre gelatinized starch, hydroxypropyl methyl cellulose,
(e.g., Nos. 2208, 2906, 2910), microcrystalline cellulose, and
mixtures thereof.

Examples of fillers suitable for use in the pharmaceutical
compositions and dosage forms disclosed herein include, but
are not limited to, talc, calcium carbonate (e.g., granules or
powder), microcrystalline cellulose, powdered cellulose,
dextrates, kaolin, mannitol, silicic acid, sorbitol, starch, pre
gelatinized starch, and mixtures thereof. The binder or filler in
pharmaceutical compositions is typically present in from
about 50 to about 99 weight percent of the pharmaceutical
composition or dosage form.

Suitable forms of microcrystalline cellulose include, but
are not limited to, the materials sold as AVICEL PH 101,
AVICEL PH 103 AVICEL RC 581, AVICEL PH 105 (avail-
able from FMC Corporation, American Viscose Division,
Avicel Sales, Marcus Hook, Pa.), and mixtures thereof. A
specific binder is a mixture of microcrystalline cellulose and
sodium carboxymethyl cellulose sold as AVICEL RC 581.
Suitable anhydrous or low moisture excipients or additives
include AVICEL PH 103™ and Starch 1500 LM.

Disintegrants are used in the compositions to provide tab-
lets that disintegrate when exposed to an aqueous environ-
ment. Tablets that contain too much disintegrant may disin-
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tegrate in storage, while those that contain too little may not
disintegrate at a desired rate or under the desired conditions.
Thus, a sufficient amount of disintegrant that is neither too
much nor too little to detrimentally alter the release of the
active ingredients should be used to form solid oral dosage
forms. The amount of disintegrant used varies based upon the
type of formulation, and is readily discernible to those of
ordinary skill in the art. Typical pharmaceutical compositions
comprise from about 0.5 to about 15 weight percent of disin-
tegrant, specifically from about 1 to about 5 weight percent of
disintegrant.

Disintegrants that can be used in pharmaceutical compo-
sitions and dosage forms include, but are not limited to, agar,
alginic acid, calcium carbonate, microcrystalline cellulose,
croscarmellose sodium, crospovidone, polacrilin potassium,
sodium starch glycolate, potato or tapioca starch, pre gelati-
nized starch, other starches, clays, other algins, other cellu-
loses, gums, and mixtures thereof.

Lubricants that can be used in pharmaceutical composi-
tions and dosage forms include, but are not limited to, calcium
stearate, magnesium stearate, mineral oil, light mineral oil,
glycerin, sorbitol, mannitol, polyethylene glycol, other gly-
cols, stearic acid, sodium lauryl sulfate, talc, hydrogenated
vegetable oil (e.g., peanut oil, cottonseed oil, sunflower oil,
sesame oil, olive oil, corn oil, and soybean oil), zinc stearate,
ethyl oleate, ethyl laureate, agar, and mixtures thereof. Addi-
tional lubricants include, for example, a syloid silica gel
(AEROSIL 200, manufactured by W.R. Grace Co. of Balti-
more, Md.), a coagulated aerosol of synthetic silica (marketed
by Degussa Co. of Plano, Tex.), CAB O SIL (a pyrogenic
silicon dioxide product sold by Cabot Co. of Boston, Mass.),
and mixtures thereof. If used at all, lubricants are typically
used in an amount of less than about 1 weight percent of the
pharmaceutical compositions or dosage forms into which
they are incorporated.

Delayed Release Dosage Forms

Active ingredients such as the compounds provided herein
can be administered by controlled release means or by deliv-
ery devices that are well known to those of ordinary skill in
the art. Examples include, but are not limited to, those
described in U.S. Pat. Nos. 3,845,770, 3,916,899; 3,536,809,
3,598,123; and 4,008,719; 5,674,533; 5,059,595; 5,591,767,

5,120,548; 5,073,543; 5,639,476; 5,354,556, 5,639,480,
5,733,566; 5,739,108; 5,891,474; 5,922,356, 5,972,891,
5,980,045; 5,993,855; 6,045,830; 6,087,324; 6,113,943;
6,197,350; 6,248,363; 6,264,970; 6,267,981; 6,376,461,

6,419,961; 6,589,548; 6,613,358; and 6,699,500; each of
which is incorporated herein by reference in its entirety. Such
dosage forms can be used to provide slow or controlled
release of one or more active ingredients using, for example,
hydropropylmethyl cellulose, other polymer matrices, gels,
permeable membranes, osmotic systems, multilayer coat-
ings, microparticles, liposomes, microspheres, or a combina-
tion thereof to provide the desired release profile in varying
proportions. Suitable controlled release formulations known
to those of ordinary skill in the art, including those described
herein, can be readily selected for use with the active ingre-
dients provided herein. Thus encompassed herein are single
unit dosage forms suitable for oral administration such as, but
not limited to, tablets, capsules, gelcaps, and caplets that are
adapted for controlled release.

All controlled release pharmaceutical products have a
common goal of improving drug therapy over that achieved
by their non-controlled counterparts. Ideally, the use of an
optimally designed controlled release preparation in medical
treatment is characterized by a minimum of drug substance
being employed to cure or control the condition in a minimum
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amount of time. Advantages of controlled release formula-
tions include extended activity of the drug, reduced dosage
frequency, and increased subject compliance. In addition,
controlled release formulations can be used to affect the time
of onset of action or other characteristics, such as blood levels
of the drug, and can thus affect the occurrence of side (e.g.,
adverse) effects.

Most controlled release formulations are designed to ini-
tially release an amount of drug (active ingredient) that
promptly produces the desired therapeutic effect, and gradu-
ally and continually release of other amounts of drug to main-
tain this level of therapeutic or prophylactic effect over an
extended period of time. In order to maintain this constant
level of drug in the body, the drug must be released from the
dosage form at a rate that will replace the amount of drug
being metabolized and excreted from the body. Controlled
release of an active ingredient can be stimulated by various
conditions including, but not limited to, pH, temperature,
enzymes, water, or other physiological conditions or com-
pounds.

In certain embodiments, the drug may be administered
using intravenous infusion, an implantable osmotic pump, a
transdermal patch, liposomes, or other modes of administra-
tion. In certain embodiments, a pump may be used (see,
Sefton, CRC Crit. Ref Biomed. Eng. 14:201 (1987); Buch-
wald et al., Surgery 88:507 (1980); Saudek et al., N. Engl. J.
Med. 321:574 (1989)). In another embodiment, polymeric
materials can be used. In yet another embodiment, a con-
trolled release system can be placed in a subject at an appro-
priate site determined by a practitioner of skill, i.e., thus
requiring only a fraction of the systemic dose (see, e.g., Good-
son, Medical Applications of Controlled Release, vol. 2, pp.
115-138 (1984)). Other controlled release systems are dis-
cussed in the review by Langer (Science 249:1527-1533
(1990)). The active ingredient can be dispersed in a solid
inner matrix, e.g., polymethylmethacrylate, polybutyl-
methacrylate, plasticized or unplasticized polyvinylchloride,
plasticized nylon, plasticized polyethyleneterephthalate,
natural rubber, polyisoprene, polyisobutylene, polybutadi-
ene, polyethylene, ethylene-vinylacetate copolymers, sili-
cone rubbers, polydimethylsiloxanes, silicone carbonate
copolymers, hydrophilic polymers such as hydrogels of
esters of acrylic and methacrylic acid, collagen, cross-linked
polyvinylalcohol and cross-linked partially hydrolyzed poly-
vinyl acetate, that is surrounded by an outer polymeric mem-
brane, e.g., polyethylene, polypropylene, ethylene/propylene
copolymers, ethylene/ethyl acrylate copolymers, ethylene/
vinylacetate copolymers, silicone rubbers, polydimethyl
siloxanes, neoprene rubber, chlorinated polyethylene, poly-
vinylchloride, vinylchloride copolymers with vinyl acetate,
vinylidene chloride, ethylene and propylene, ionomer poly-
ethylene terephthalate, butyl rubber epichlorohydrin rubbers,
ethylene/vinyl alcohol copolymer, ethylene/vinyl acetate/vi-
nyl alcohol terpolymer, and ethylene/vinyloxyethanol
copolymer, that is insoluble in body fluids. The active ingre-
dient then diffuses through the outer polymeric membrane in
arelease rate controlling step. The percentage of active ingre-
dient in such parenteral compositions is highly dependent on
the specific nature thereof, as well as the needs of the subject.

Parenteral Dosage Forms

In certain embodiments, provided are parenteral dosage
forms. Parenteral dosage forms can be administered to sub-
jects by various routes including, but not limited to, subcuta-
neous, intravenous (including bolus injection), intramuscu-
lar, and intraarterial. Because their administration typically
bypasses subjects’ natural defenses against contaminants,
parenteral dosage forms are typically, sterile or capable of
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being sterilized prior to administration to a subject. Examples
of parenteral dosage forms include, but are not limited to,
solutions ready for injection, dry products ready to be dis-
solved or suspended in a pharmaceutically acceptable vehicle
for injection, suspensions ready for injection, and emulsions.

Suitable vehicles that can be used to provide parenteral
dosage forms are well known to those skilled in the art.
Examples include, but are not limited to: Water for Injection
USP; aqueous vehicles such as, but not limited to, Sodium
Chloride Injection, Ringer’s Injection, Dextrose Injection,
Dextrose and Sodium Chloride Injection, and Lactated Ring-
er’s Injection; water miscible vehicles such as, but not limited
to, ethyl alcohol, polyethylene glycol, and polypropylene
glycol; and non-aqueous vehicles such as, but not limited to,
corn oil, cottonseed oil, peanut oil, sesame oil, ethyl oleate,
isopropyl myristate, and benzyl benzoate.

Compounds that increase the solubility of one or more of
the active ingredients disclosed herein can also be incorpo-
rated into the parenteral dosage forms.

Transdermal, Topical & Mucosal Dosage Forms

Also provided are transdermal, topical, 